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AUTHOR'S PREFACE. 



During the last few years I have been repeatedly asked to write a compre- 
hensive book on the sewage problem. About a year ago, when preparing 
a lecture on the then position of the subjects of river pollution and sewage 
treatment, I decided to abandon the scruples which I had previously held 
against writing such a book. I then thought the task was an easy one, 
for during the previous ten years or more I had carefully followed al" 
matters connected with the sewage problem. However, I have had to 
make many inquiries and investigations, and my material has gradually 
become almost unlimited, so that it would now be easier for me to compile 
a work of reference than to write a short book on the principles of the 
subject. I do not consider the time ripe for the publication of a work of 
reference, because the whole problem of sewage disposal is developing just 
now at such a rapid rate that opinions which have been held for a very 
long time are daily giving way in the face of newly-established facts. 
Under these circumstances, those who have not been able to follow the 
separate phases of this development become hopelessly lost in attempting 
to follow the literature on the subject ; they do not recognise all the new 
forms of apparatus which are mentioned and the new names which are 
used, and thus feel the need of a book dealing with the principles of the 
subject, a book written during the development itself, and grouping and 
critically describing the various phases of this development. Such a book 
cannot pretend to deal fully with all the numerous legal enactments and 
proposals which have been made with regard to sewage treatment. 

Bearing all this in mind, I have repeatedly been forced to omit some 
facts which are of themselves valuable as supporting various opinions, and 
others which appeared to require further investigation before being finally 
accepted. Whilst the book has l)een passing through the press a consider- 
able number of contributions to the subject have been published. I have 
tried to include these as far as possible in my material, but a full discussion 
will appear as a kind of appendix to this book in the pages of the 
Oemndheits-Inf/emeiir, 



VI PREFACE. 

My wishes with regard to the form of the book and corrections and 
alterations during the printing have been most cordially met by the 
publishers, to whom I must here express my warmest thanks. 

The number of authorities and colleagues to whom I am indebted for 
reports and publications is too large for specific mention here, and I have 
been obliged to omit full reference to some of the authors whose publica- 
tions are discussed in the text. I have consulted over a thousand such 
publications, and hence it will be seen that the bibliography which I have 
included is incomplete. 

The writing of the book has caused me many anxious moinents, and I 
have often felt discouraged. I hope, however, that it is now sufficiently 
mature to face the world, and to fulßl its mission. 

DR. OrNHAK. 

Hamburg, 

Jvly 26, 1907. 



NOTE OF THE TRANSLATOR. 



In attempting to introduce Prof. Dunbar's book to a wider circle of 
readers than that for which the German edition is available, I have adhered 
as closely as possible to the wording, and have in all cases expressed the 
sense of the original. 

The excellent and thorough manner in which Prof. Dunbar has 
dealt with the subject, and the absence of an exactly similar work in 
English, have formed additional inducements for undertaking the trans- 
lation. The book may be read with profit by all interested in the sewage 
problem. 

I am indebted to Dr. H. Maclean Wilson, the Chief Inspector of the 
West Riding of Yorkshire Rivers Board, for his valuable criticism in read- 
ing through the manuscript, and to Prof. Dunbar for kindly reading the 
proof sheets and making some alterations and additions specially for this 

translation. 

H. T. CALVERT. 

Wakefield, 

September 1908. 
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PART L— HISTORICAL DEVELOPMENT OF THE 
SEWAGE PROBLEM. 

CHAPTER 1. 

GROWTH OP RIVER POLLUTION. 

Accamulation of Filth. — Until well into the nineteenth century the sewage 
problem was one of which little or nothing was heard. Every man dis- 
posed of his filth as best he could. Cesspools for fsecal matter were either 
recommended or tolerated by the authorities, but it was generally loft to 
the individual householder to dispose of the contents. Frocal matter and 
domestic refuse were allowed to accumulate near the dwellings, either 
above or below ground, and to sink into the soil ; where this was not 
possible it was carted away on to the land. This gave rise to very objec- 
tionable conditions in the thickly populated districts of large towns. 

Water-closets. — In 1810 the water-closet was invented, or, more strictly 
speaking, re-invented. This apparently harmless mechanism has been the 
cause of changes which could not have been suspected at that time. At 
first it was only slowly introduced, but it soon commenced to rapidly 
increase in favour, and about fifty years ago its use was considered so im- 
portant that its introduction into the gigantic city, London, was made 
obligatory. No one had any idea of the consequences which would thus 
be conjured up, and it was thought that the contents of water-closets could 
be emptied into underground cesspools from which they could be carted 
away. Householders, however, found it more convenient and less costly to 
provide these cesspools with overflows leading into the street drains. The 
existing drains were not intended to receive foul water, and were unsuitable 
for the purpose, being in places open along the streets. The stntc of 
things which arose from the putrefying ficcal matter lying in the streets 
became unbearable, but the imposition of jR'nalties for using rain-water 
drains to convey sewage had no good effect ; in fact, cesspools were often 
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done awav with, and the wat4>r'0loseta cnniieeteH directly with the dmicis.j 
Froni the hygienic pjiut of view this was perhaps a step in the prop 
direction. 

The number of wator-eloBets coiititiiietj to iiicrciuio, for pnji>erty owners 
had leanied Uy appreciate that wliich alUiwed them tc^ get rid of all kiiidiä 
of filth before putrefaetiou set in» and they no longer thougiit of giving ii| 
the advantages they thus reaped. 

The Tudsancc was thus removed from private properties into the public 
Btreeta. Thiti äecond stage of the «ewage diKpcisal prolilem was no generally 
felt to be obnoxious that nnrlergixinnd sowers liad to l>e eontitrueted. For 
years these were laid npon no system except that of reaching a public 
watercourse by the shortest route. The evil results of this want of systeju 
cannot be further deBcribed here. The new methods were, however, so 
suecesaful Iti renioving evil smellu fmm the streets that water^tosetd and 
the water-carriage system of sewerage were generany adopted in many 
Eoglish towns, and at various points within the precincts of the towns 
these foid-water sewers emptieil into the rivers. Tlie river» had previously 
been able tcj deiil with the filth which reached fcheni W<l the street drains ; 
but with the increase in this filtli, consequent upon the laying of these new 
sewers, complaints were everywhere made of the polluted cxjndition of the 
streams. Thus arose the third stage of the sewage problem» which is that 
of toniay. 

Follution of English Rivers. — The consequences of this excessive 
j^iollution were fir^^t felt in the narrow thiekly-populatod English vallevts^ 
esfjcciaily where, as in London, the water sup pi}' was derived from the 
rivers, A typical case of this excessive ]x>llution may be here shortly 
described. Three main parallel valleys cross the West Hiding of Yorkshire 
from cast to west, those of the Wharfe, the Aire, and the Caldcr, and it 
htw been calcidated tiiat out of each 100 parts of min-w^atcr falling on the 
surface of nesirly two million acres, HO pxrts find their outlet by the. 
Humber. Since the middle of the eighteenth century there has been 
gradual, but steady, increase in the jxipulation and in the mannfactnrei? • 
and, although all kinds of domei^tic and tmde refuse found its way into 
the streams, there was no noticeable pollution until alxjut the middle of the 
nineteenth century* At tins time, however, there wiis a great increase in 
manufacturing operations and in the population which eame to w*ork in 
the factories, which were made larger and more numeroiia, Salmon and 
trout were caught in these rivers as late a.** 1850, but these scnm becama 
extinct, and a few years later the <^ofirse fish, first the dace, then the roaeh,^ 
also diaappe^ired. There was little or no op|x>sition to the growing pollu- 
tion« The general impression aeeine<l to be that the use of rivers waa 
carry away sewjige and refuse. A popvdation of over two millions, 
which two-thirds were engaged in industrial pursuits, emptiefl the whole 
of its refuse into some of these comparatively simdl streams, which con- 
aeqnentlj' became in summer ** a Wiling stinking masB,*' m is reeorded in 
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official documents. The evidence of one dwelling in this neighbourhood is 
characteristic ; ** one nighty" he says, " we had fin escape of gas in one of 
our bedrooms. We opened the windows to let it out, but the stench from 
outside was so intolerable that we shut down the windows, and preferred 
having the gas to having the stench from the canal.'' Children amused 
themselves by setting the gas which floated on the canal alight. Blue 
flames arose to a height of six feet, enveloping barges in their course, as 
they ran like gunpowder a distance of a hundred yards along the water. 
The carcases of animals poisoned the air as they floated down the rivers or 
were strandini on the banks. It was no one's business to remove them. 
One lock at Manchester had nineteen dead dogs in it; more than forty 
dead dogs, when there was a flood, would pass Stanley Ferry on the Calder 
in a single day. In the leather trade of Leeds and district several million 
hides were dealt with yearly. All the refuse which was produced in this 
trade which could possibly be washed into the river found its way there. 
Besides the tanneries, woollen mills, dye works, paper works, and many 
other branches of industry sprang up, and the large volume of putres- 
cible sewage which they produced was allowed to flow into the river. 
The quantity of ashes and slag which was yearly tipped into the Aire 
and Calder has been estimated at thousands of tons. Earthenware manu- 
factories, as well as brick and metal works, threw their solid refuse into 
the rivers ; when buildings were pulled down the old material was tipped 
into the rivers ; soil, stones, clay from quarries and mines, road grit and 
all the fllth which was collected from the streets, as well as all the 
sewage of houses and of the most varied manufactories, altogether some 
millions of cubic yards daily, went into the comparatively small rivers, 
which thus became not only foul-smelling and inky, but also so sludged up 
that their flow was interfered with and their banks overflowed. During 
the official inquiries the manufacturers rightly maintained that the river 
water was spoiled for their purposes by the domestic sewage, but they 
themselves allowed all the refuse from their factories to flow into the 
rivers, and thus made matters worse for those situated lower down on the 
banks of the same stream. No one, however, felt constrained to have any 
consideration for those lower down the stream. Even to-<lay, in spite of 
the most vigorous action on the part of the supervising authorities, all the 
consequences of such bad management have not been removed. 

Pollution of the Seine. — The Seine below Paris was also in a very bad 
state, as may be judged from the following description, which dates from 
the time when all the sewage of Paris was allowed to flow into the river in 
a crude state. Above the bridge at Asni^rcs the river bed is covered with 
white sand, fish are abundant in the water, and the banks are rich with 
vegetation. From the |x>int at which the large sewer from Clichy enters 
the river all this is changed. A stream of black water, covered with grease, 
corks, hair, carcases, and other filth, moves along the river bod. A grey 
sludge containing organic matter accumulat€\s along the right bank and 
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j^iFea riüe to foiil-sioelling mlmid«, Ixjw^^r down, Urn «ludge covers the 
whale Ih^I of the river, feniit'iit4*, and gives rise to güscä vvhk-h rine n» 
bnlihloö lind hurnt at the «urfin:e» In the hot s*t*ii8<>iis thoHU Ind^hk^s tire 
üft«n kj Ik? aeun u yard or a yard and a half in dmuioU^r ; they raiat* the 
fitinking sludgu along with tht'iu, and tiBh life and vGgetatian are entirely 

Follutioti of the Emficher. — Although for centuries refuae has been 
allowdl to enter the (lennan rivers it is only during the nineteenth 
century that pollution ha« been at all evident. Manufacturing refuse has 
been the main cause of the pollution and domestic sewage In a less degrc^e. 
In a föw of the smaller streams eundition« are to be found which approach 
those ah't^ady de^scTilied for English riven*. The most interesting example 
in (lenntiny of a riipid increase in pollution is furnishetl by tlie valley of 
the Eknschor, This valley, according to a pulilication of Keller, is in the 
centre of the lihine-Westphalian industrial dmtrit't, between tlie water- 
sheds of the rivers Ruhr and Lippe^ and has a drainage area of about 
300 square miles. The rapid fall of the Emacher in its higher reaches wa 
utilised by moans of eiglit mtlb and six weirs. For eeniuries eomphiint hn 
been made of the poor dniinage vvhich the river aflTonJed, with the cnnacquent' 
floods and waterhjgging of the neigldinuriug land, but no mention wa« made 
of pollution, AlM>ut 1H50 the ccwd hid ns try began to gTt*w; Bla^t 
furnaces, steel works, foimdnes, engineering works, ete,, were erected, and 
the previously thinly jK>pTdatetJ district quickly became the most thickly 
populated in Germany, In IBHO the püpulation w:*« half a million, which 
became practically trebled during the next twenty years. Tlie ground 
commenced to sink in consequence of the coal mining tiperations : polder 
works and water engines wore erected, but did not succewsfully attain the 
objecto for which they were inteudetl, AH tlie tributaries of the Emscher 
became so polluted that they were like open aewers. The river water 
could no longer be uied for i^^ricultural purposes on account of the large 
amount of salts which it oontainerl as a result of industrial operations. 
CompUinttt were made on this aecoiuit, and also on acc4iunl of the large 
vohnues of water abstracted from the Buhr and disehargc<l into the 
Eumcher valley. 

Fn 1889 the Stato appointed an Emscher Regulation Oonunission, which 
spent about j£300,000 in <iraining marsliy laud, Tlie ri*Hult was not 
aatisfactclr}^ Sewage purificAtion works could not he carried out In 
places where they were necessary on account of want oF fait For example, 
twenty -seven out of tifty-six hospitfil» eujptied their .sewage direct into the 
stream and the retuainder had only inefücient works. The collieries wetre 
provide*! with st'ttling tanks for their eiml- washing waters, Imt these were 
mostly full of sludge. In time« of floc»d, tilth of all kinds was spread 
about the district, it was regardc*! as a conscquence of this state of 
things that dysenterj ami typhus rep«/atedly broke out serionsly in the 
district. 
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The conditions which exist in the Emschcr valley are not singular in 
Germany. Various streams might be mentioned which cannot be dis- 
tinguished from sewers by their contents. They are putrefying, fermenting 
masses, or are either inky black or some other colour, on account of the 
manufacturing wastes which they contain. However, these conditions in 
(iermany are neither so common nor so serious as in England. The same 
may be said of all other civilised countries. In comparison with England, 
where the majority of the rivers were, and partly still are, seriously 
polluted, Ciermany and all other countries are at present only just 
showing the first signs of approach to such conditions, as is seen in the 
fact that they may be observed here and there. Unmistiikably, however, 
pollution is making rapid strides even in the comparatively much larger 
rivers of Germany, strides which keep pace with the rapid growth of large 
towns and the unexampled industrial development. 



CHAPTER II. 

LEGAL MEASURES TAKEN BT CENTRAL AND 
LOCAL AUTHORITIES. 

Removal of Filth from Towns. — The incredible results of the 
systematic pollutiou of the English rivers were at first borne with 
exemplary toleration. Complaints were made here and there, and official 
inquiries held ; but matters were allowed to drift from bad to worse. In 
1865, however, complaints became so general that the Government 
appointed a lioyal Commission to inquire into the pollution of rivers, and 
from that date the subject of river pollution has been continually before 
the authorities. Commissions have been appomted by Parliament, local 
authorities, and scientific associations, with the result that innumerable 
measures have been taken to combat the problem of river pollution. 

It is impossible here to enumerate all these measures, and we must be 
content to deal with the question only so far as is necessary to indicate 
the difficulties which uniform legislation encounters, and to show the 
uselessness of legislation which demands the performance of technical 
impossibilities. 

River Pollution Permitted.— Previous to 1850 all reports and enact- 
ments show that their main object was to minimise the pollution within 
the towns and in the immediate neighbourhood of human habitations. 
The street drains, already referred to, made their surroundings pestiferous. 
They were regarded as being responsible for fevere and other diseases, and 
it was considered inadmissible to aggravate the already bad condition of 
the poorer classes through whose districts these filthy drains generally 
passed. No wonder, then, that the experts called in by the Government 
declared that it was less dangerous to discharge the filth direct into the 
rivers than to allow it to accumulate in thickly populated districts. An 
Act of Parliament was passed therefore in 1 847, giving local authorities the 
j)ower to discharge their sewage direct into rivers or into the sea. At the 
same time it was iK)i!ite(l out that the sewage might be utilised for the 
irrigation of land. 

In 1854 the highest public health authority in England also regarded 
it an better to admit sewage to the nearest water-course than to allow^ it 
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to accumulate near dwellings, and not until 1857 did the experts of this 
authority recommend the removal of suspended matter or the deodorisa- 
tion of sewage before its admission te the streams. 

It will be seen, therefore, that the present-day opinions have not 
always been held with regard te the purity of our rivers. Public opinion 
has developed step by step with the gradually increasing adoption of water- 
closets and the water-carriage system of sewerage. 

River Pollution Prohibited. — In 1858 the pollution of rivers in 
England was legally prohibited, or at any rate it was made clear that 
towns could not pollute rivers to the detriment of the interests of others. 
An Act of 1861 required sewage to be purified and freed from f cecal and 
other putrescible matters before being discharged to the streams. The 
large towns of England — Birmingham, Huddersficld, Nottingham, and 
Sheffield — even petitioned for the prohibition of the discharge of unpurified 
sewage into the streams. But the enactments up to this time had been of 
no avail ; they were loosely administered, and the condition of the rivers 
became worse from year to year. 

Hence, in 1865, the Government appointed the Commission mentioned 
above. The reports of this Commission are among the most interesting 
and historically the most valuable material which exists on the subject of 
river pollution. The above sketeh of the conditions in the West Riding 
of Yorkshire is taken from these reports. In 1868 this Commission was 
dissolved and another took its place — the Rivers Pollution Prevention 
Commission, of which Sir Edward Frankland was a member. The question 
of sewage purification, as we shall see later, was very thoroughly dealt 
with, and the contributions to this subject are among the most valuable 
which have ever been made. 

One instruction which this Commission received is specially worthy of 
note. It runs:— "Although it may be taken as proved generally that 
there is a wide-spread and serious pollution of rivers, both from town 
sewage and the refuse of mines and manufactories, and that town sewage 
may be turned to profitable account as a manure, there is not sufficient 
evidence to show that any measure absolutely prohibiting the discharge of 
such refuse into rivers, or absolutely compelling town authorities to carry 
it on the lands, might not be remedying one evil at the cost of an evil still 
more serious, in the shape of injury to health and damage to manufactures." 

In 1869 a Commission was appointed to deal with the disposal of 
London sewage. This Commission is mentioned here only because it was 
as a result of its activity that the English Central Authority, the Local 
Government Board, was founded (1871). This Board has exercised a 
somewhat fatal influence on the development of the i)r()blems of sewage 
disposal and river pollution down to very recent times, not for want of 
good intentions, but rather as a result of its bureaucratic constitution. 

The Public Health Act of 1872 is specially important. It made 
possible the formation of Boards for preventing river pollution, and thus 
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gut« urn ftrvl ofiporttitiftj to mtike a |melactü mttetnpt at a oolntion of the 
problftm, afi crpfKirtiitiitj wUtcb wa* oiijjr nilUwd at a tuucli Uti?r dal«. 

Au Auietuisietit Aet wan puNad m 1875 and Um Rtve» PoOtttiou 
Fn.«veiitimi Act (mme into force la 11^76. Tli^e two Aetn emlxidieil alt 
pnrvbtin l«^lation oü the subject atid at the time raised gfeat hdfM» of 
thiY tlawTi i>f a II*? w era. The I ^75 Act atipidated that the Local Govem- 
iricfil Britird »hoiilfl rjtily lymctiuD the misiiig of loaus for purposes of 
aewjigia iliji|Kmal after tbc Hcherae« tiiul been fiivoiirably report«d upon by 
lifi itijtijcjf^-t-ir tif thnt iijstrd wIjo had held a local inquiry. It further 
atiptjJaU^i that all town autboritiea nbould remove solids and foeoal umttcr 
from aewt&ge, to wutsh an «ixteut that no nniisancc should be eausad, before 
ita di>4cliafgL* mU» caiutlis, rivers, laken, or the sea- The Act of 1876 gave 
the Uical 0(*vcniineirt Board i>*jwcr t^j re^iuiro land treatment in all eases. 
For ren«onji wldch will Iju given later, those two Acta have not been of veiy 
grv^kt iitility. 

All Coriiinianirmn which hitd dealt with the problem of sewage dlspoial 
wiire mianimoua in r^oommcnding the o^tabtiahmeut of a ispccial authority 
to lake ehnrgt' of all problems connected with river palbition. In on© 
(JoinnaHHiöU opinion wüh m> fur divided that one menilH3r reconinioudcd a 
loe^il authority, whilo the other two advi^ the cstabliBhmeni of a central 
autlitjrity, un the ground tliat u W^d authority might be hindered in the 
carrying out of iIh duties by |tt?rHonal influence, 

InoifectiveneBg of Legifllative Measures. — Although all these Com- 
miHMioim, e«jjtu!iaUy thir Ikiynl ( 'oniniissioii» of 1865 and 186H, luid shown, 
in the numt convincing and d ran tic nuniui^v that the awfnl coTidition of the 
rivor» need not aontinuc, the jieoplc still remained unmoved and not 
«uftieiünlly anxicni« for legishition. The nuinufacturers hwl considcmble 
iuibiencu iitul obUiinwl tho innirtion of öncli ckuses into the Acte of 
Parliament an to umkc these practically inoperative. The main Act, the 
Rivera Pollutiinj Prevention Act of 1H76, doea prohibit the throwing of 
Bolld matters into tho ÄtrcaniH and the pollution of streams by sewage 
niattw and nianufaeturing refuise, but it i& neceasary to prove that the 
*jUd matter in either putrid or pntrcacible, or that it ixjllutes tho waters 
of the Mtreiun» iir that »t i» thmwn in in such quantitioK as to intorfere] 
with the due tl<i\v of the atreani. Proceedings could only 1h* taken by 
Hunitary auLhoiitieö against nmunfactumrH and o^iUiery proprietors with 
the eÄprinsü sanction of the Lt>eal (»overnoient Board. It wtm soon seen 
that the Act wafi mily a f I earl letter, and that no tnorx* eould bo achieved 
by it» aid than by an Act of 1:5HH, whereby the discharge of animal refnsü 
intej rivors was prohibited under a penalty of £20. 

Fr ogress of River Purification. In ISKHo^brt« were made to utilise 
the n^'hU CfMifcrrcd hy the Pnlilie llenllh Act of lS7:i and to form Joint 
t>>nunitt<H'«s baviniE repreeentatives from all sanitary authorities bordering 
on a specific river. Such Joint Committees were entrusted with the 
/Kmvrn o! « «rtuitary authority so far m was neeoesary for the administration 
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of the Rivers Pollution Prevention Act of 1876. The Mersey and Irwell 
Joint Committee was formed in 1891 as a result of a petition from the 
County Councils of Lancashire and Cheshire. Leeds and Bradford 
presented a similar petition for the formation of a Joint Committee for 
the districts of the West Riding in 1890; but local interests, which stood 
in the way, were not overcome for some years. The Mersey and Irwell 
Joint Committee soon recognised that little could be attained with the 
existing legislation, that indeed the various sub- clauses of the Act of 1876 
made progress impossible. The Committee, therefore, promoted a Bill in 
Parliament, an example which was soon followed by the West Riding 
Joint Committee, which had been formed in the meantime. The Mersey 
and Irwell Act was passed in 1892, and in July 1893 a Provisional Order 
was granted for the West Riding, by which a Joint Committee was formed, 
consisting of thirty local representatives. The West Riding of Yorkshire 
Rivers Act followed in 1894. Although not all that could be desired, this 
Act is undoubtedly an advance upon previous legislation. It gives the 
Joint Committee special powers against the pollution of streams by solid 
matters. No action can, however, be taken against the putting into 
streams of sand, gravel, or other natural deposit which shall have flowed 
from or been deposited by the current of the stream, unless it can l)e 
shown that the due flow of the stream is interfered with. The pollution 
of streams by sewage matter and liquid manufacturing refuse is also pro- 
hibited ; but in the latter case proceedings can only be taken with the 
sanction of the Local Government Board and after certain preliminary 
warnings have been given to the manufacturer. Further, the Local 
Government Board shall only give consent to proceedings being taken by 
the Rivers Board, if, after due inquiry, the Rivers Board and the Local 
Government Board are satisfied that, having regard to the reasonableness 
of the cost and the effect on the industry or trade in question, means are 
available for rendering the polluting liquid harmless and that no material 
injury will be inflicted by such proceedings on the interests of such 
industry or trade. The value of the Act as a means of suppressing 
nuisances is greatly diminished by such clauses, but a special Act, the 
Factory Act, does contain some useful clauses. In a statement as to the 
work of the West Riding Rivers Bojird during the first ten years of its 
existence, Mr. Charles G. Milues Gaskell, the chairman, mentions that the 
practice of throwing solid refuse into the streams has been virtually 
stopped, with the exception of the sludging of mill dams. At the begin- 
ning of this period there were 1 26 sewage works in the Riding, many of 
which were inefficient, whereas ten years later the number had risen to 
267, all of which wore more or less efficient. Many of the old works had 
been remodelled or enlarged, and 72 projects for new works or extensions 
were awaiting the stinction of the Ixxjal Government Board. In 1893 
there were only 155 out of 1944 mills where some nietisures had been 
adopted for the prevention of the pollution of the streams by tli^i dvd^iWx^^ 
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of tmde refuse. The works at these mills wem mostly suiall tauks, and 
the majority uf them wt.'ro i^t'ldum, if üver^ cleaiitd outt Other 966 mills 
dbcharged their effluents into the stream without treatment and tht» 
remainder into publie sewers. In 1902^ out of a total of 1Ü63 milk, only 
422 were di ho harming refuse without treatment to the streamsij 542 
p<^8e*ised purißüation worka, and the remainder discharge*:! to the public 
sewers, hi 1893, of the largest towns of the Itidinji:, only Leoda and 
Sheffield attempted to treat the whole of their sewage, whilst Bradford 
dealt with les« than oue-twelftU, In 1901 all tlie large towns were trcmtitig 
thinr sewage at leiuit to the extent oi' keeping one-haLf of the noiious 
matters out of the riv€r«. 

Many of the manufacturerß who have eonstrueted piirihc^tion work» Hnd 
it profitable to have done sOt One papermaker has eH'ectod a »aviug of 
£500 a year, a blanket mainifaeturer £1000 a year, and a eolUery pro- 
prietor similarly recovers 300 ton» of coal a fortnight which previously 
went into the river. 

The^e reäults have not bcsen achieved without diffteulty. The whole 
jwpulation» inclodtng the mann facta rers, m In syniiMithy with the work of 
the Kivera Bijardj but each iudividnal wishes to reruaiu nndisturbed* 
Excuses for inaction, all tiie dilatory picas that lawyer» can »nggesl, 
have met the Bainl at every tiini. The reproöentatives of various 
industries have formed an a^souiatiou, the aim of whieti has Ijeen to defeat 
the objects of the Rivers Board so far a» it« individual memberH are 
concerned. 

What ImM been said of the West Hiding Hiver» Board appHes equally to 
the other Rivers Boards, In 1893 the mills of Lancashire and Cheshire 
only poäöesöed 45 piiriiieation works, whereas in 1906 the mi m her had 
risen to 268, In 1892 only 27 towns po3se«gc<i sewage works ; in 1906, 80 
towns were treating their sewage. 

In 1898 another Royal Commission was appoinUsi. There were two 
main questions with which it hnd to deal. Firstly, what method or methods 
of treating and disjK^ing of sewage (inehiding any lic]uid frcnn any factory, 
or manuiactiu-ing process) may pRiperly be adopted, eousistently with due 
regard for the requirements of the existing iaw^ for the protection of 
the public he*dth, and for the ecoiiouiieal and evident diaeharge of the 
duties of local authorities '? and, secpndty, if more than one method may be 
so adopted, by wlmt rules, io relation to the nature or volume of sewage, 
or the population to be served, or other varying circumstances or renijuire^ 
meot^f should the particular method of treatment and disposal to btf 
adoptefl be determined i 

Land Irrigation and Pure Effluents. — The rnaiTj eanse for the appoint- 
ment of this t 'ouHuihtiion wjiw the fsiet that the Local («tjvenmient Itoard 
required a final hind treatment in all projects for sewage works, which had 
to be snbmittcd to tlicui, if the hjcal aitLhority jjroposed to nirise a loan for 
the piirpuH^ of uirrying out the works» although in the meantime methods 
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had been devised which were said to yield results equal to land treatment. 
Many towns found it impossible to obtain sufficient land to meet the 
requirements of the Local Government Board, even in cases where they 
were prepared to pay enormous sums of money for it. The landowners 
and the inhabitants were generally averse to the proposed land being used 
for purposes of sewage disposal, and very often suitable land was not avail- 
able within a reasonable distance of the town. This position of affairs 
amounted almost to a calamity for some of the large towns of England. 
The Commissioners therefore hastened to issue an Interim Report (1901), 
in which they dealt with the questions : (1) Are some sorts of land unsuit- 
able for the purification of sewage? (2) is it practicable uniformly to 
produce by artificial processes alone an effluent which shall not putrefy, 
and so create a nuisance in the stream into which it is discharged ? and 
(3) what means should be adopted for securing the better protection of our 
rivers ] 

This Report demonstrates that the requirements of the Local Govern- 
ment Board had been justified by the historical development of things. 

The Commission appointed in 1 857 had declared that the proper method 
of purifying sewage was to distribute it on land, and that only in this 
manner could the pollution of rivers be prevented. The 1868 Commission, 
which issued in all five reports up to the year 1874, had also declared 
that land treatment was the only suitable method of rendering sewage 
non-putrescible, and that all other methods were only suitable for removing 
the solids in suspension and should thus only be regarded as palliatives. 
The 1882 Commission likewise declared that land treatment was the only 
solution of the problem, and that even for towns in a position as favourable 
as London, for disposing of its sewage into a large river, it was the only 
method worth considering. The Local (iovemment Ik)ard had therefore 
adopted the standpoint expressed so forcibly by these Commissions and 
had only deviated from it in exceptional cases. 

The Report goes on to deal with artificial biological methods which had 
been devised in the meantime and to discuss the question as to whether 
these had rendered land treatment superfluous. It also states that the 
then position of science only placed chemical methods of examination at the 
disposal of the earlier Commissions, whereas now bacteriological methods 
have been so developed as to be of use and importance. 

The Commissioners conclude that peat and stiff* clay arc not suitable 
for sewage purification. Where only such soils are available, the work of 
purification can only be performed by the surface layer of humus or other 
porous soil ; and in cases where this surface layer is not more than, say, six 
inches thick, such larj^e areas of land would be necessary as to render a 
scheme of land treatment impracticable. This is an adinission on the part 
of the Commission that cases do occur in which land treatment should 
not be insisted upon. 

As to whether methods are available which render land ttea.U\vi»l 
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aiiperfluoiLä, tho CoiüDiis«ioucrs staU* that they are oonvinced that by 
iiieaut* of artitiüiai biological proct'Btie« not fuUowud Ijy laud trouUiiüiit 
effluents amy be obtaiiieci from sewage and mijttureB of sewage with trade 
refuse which arc no longer putreacibkv and which^ judged by the UKual 
methodii, arc 8at»8facU>ry eiiuugh U^ bu dischargod into titreama without 
fear uf causing a nniüiiuce» There are eases, therefore, in wbiuh the Local 
Uoverunient Boartl may properly, with ecrtitLii roßtrietions, relax its 
reqniromentd as U* laud treatmeüt. The restrictions are» however, not 
geneiiil, und must be determined separately fur eaeh individual case* They 
further state that thü dilatüriueBa of the autbonties iu juliiniiistoring tlic 
Aet of 1876 hiid Vwen the catise of this Act uot iniprovitijyj the condition of 
the river«, tint that thiw dihitoriiiess hiid probably Iruen evcviaidile on account 
of the dirtiuulty of securing convictions agidnst offender». The ardour of 
thö looal authorities had alstj been damped bee*iuse they regaixied it a« 
OHelesw to attempt tlio puritieation of a small reach of a river so long 
those aliove siud below continued to pollute. The three Uivers Boardsj^ 
formed aa a eouset|ueneo of the Local Government Act, WB8, had done 
good work, and they recommended the formation of Rivers l^irdts for tlie 
various waters I leds of England. It watj pointed out that the Comniission» 
of 1857, 1865, and 186H had each recomraonded again and again the forma- 
tion of special authorities to suix^rviae a river from its source Uj its moutli 
and that the limits of their jurisdiction should not be dependent upon 
arbitrary {lolitieal boundaries. Each river from its source to ita mouth 
represents a whole, and should he treated aa such. The 1868 Commission 
e^jnsidered a Centnü Authority, consisting of not more than three [x^rKons, 
as necüösary. This authority should be empowered to detd with all mattem 
relating to river [Kjlhttion and should supervise the mlministiution of the 
legislation. It should have the j^ower to inspeet factories, mill dams, 
canals, and similar works, and, wheti necessary, eonstruct purification 
works at the cost of those intei^jsted, whether these l>o towns or private 
individnab. 

The adoption of these rec^jmmendations w^ls epecially urged in the Interim 
lioport, although dithcidties could be foreseen. Not only were the interests 
of thotic who produced the sewage often diametrically upposite, but also 
the opiniouis of ex|>erts, accortling its these were pnu^tieal men or repre* 
sentatives of science. ^Vmong the hitter the medical men laid s{X'cial stress 
upon bacteriological qviestions. These reasons w^ere ii^igne<l for the 
formation of a Centml Authority, perhaps as a special de[jartment of the 
Local Uovernnient Board, whicli should be the river authority for the 
coimtry. It should deal with all matter« relating to rivers and their 
purifier tion, follow the teehniciU and scientific w*>rk on tlie subject, and» 
when hxjal authorities wert^ in fli^fault, it shnuld lie cm|MkWcri'd to take 
neee^ssary step« on its own initiative, 

Trade- Befuse BifficuItieB.— Tlie Sei^cind Heport deals with matters out- 
«ic/f ^Jjt' /jrovinee of this IxNjk. The Thin! Kejwrt, issued in I903t discusses 
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the difficulties which have arisen from the nebulous state of the law dealing 
with the relations of manufacturers and local authorities. The Public Health 
Act of 1875 empowers an owner or occupier of land to connect his sewers with 
those of the sanitary authority. The 1876 Act provides that every sanitary 
authority shall give facilities for enabling manufacturers within their district 
to carry the liquids proceeding from their factories into the public sewers, 
but a couple of provisos destroy the clearness of this section of the Act. 
The first provides that the sanitary authority shall not be compelled to admit 
into their sewers any liquid which would prejudicially affect such sewers or 
the disposal by sale, application to land, or otherwise, of the sewage matter 
conveyed along such sewers, or which would, from its temperature or 
otherwise, be injurious in a sanitary pK)int of view. The second sub-clause 
provides that no sanitary authority shall be required to admit trade refuse 
into its sewers, where these are only sufficient for the requirements of the 
district or where such admission would interfere with any order of any 
court of competent jurisdiction respecting the sewage of such authority. 
It would indeed be difficult to find a better example of legislation being 
rendered practically useless from the beginning by the insertion of similar 
clauses. If a town does not wish to admit trade refuse into its sewers it 
has only to declare that the sewers are not large enough. Even in the 
construction of new sewers, cases have occurred in which it has been decided 
that the authority need not make these large enough to convey the trade 
refuse of the district. 

As a typical case an action may be referred to in which a local authority 
sought to obtain an injunction restraining a firm of tanners from discharg- 
ing the effluent from their tannery into the sewers. The question before 
the Court ultimately resolved itself into whether the trade refuse destroyed 
the micro-organisms in the sewage and thus so changed the sewage as to 
interfere with its purification by biological methods. The evidence of the 
numerous experts was contradictory, and the Court adopted the view of the 
manufacturer that the tannery refuse did not interfere with the treatment 
of the sewage, the bad effluents from the sewage works being due to mis- 
management. The costs in this action were £7000. The recognised costs 
fell upon the local authority, but the tanners were mulcted in over £1000. 

The Commissioners state that the uncertain position of the law, as shown 
in this and other actions, considerably hampers the progress of river 
purification. The manufacturers repeatedly state that they are in com- 
munication with the local authority with a view to discharging their 
effluents into the sewers. The local authority then frequently drift along 
for years and finally state that they are not bound to accept the trade 
refuse. Manufacturers are thus placed in such difficulties that they would 
welcome a decision, one way or the other, provided that they all received 
uniform treatment. The Commission recognise that the view of the 
manufacturers is a fair one, but admit that by accepting trade refuse 
indiscriminately local authorities may place themselves in difficulties. 
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For example : ( 1 ) The tratle affluents might he turned into the sewers at 
iiregiiläir hiU^rvala, bo tliat the «ewage a» it arriveti at the sewage work« 
woo hi vary considerably in coiiJ|iös]tiou and volume throughout the day ; 
(2) the tratle efflucutj» udght eoutaiu large «juautitit;« of solid« hi Jiuspensioii 
which would tend to clioko the »ewers atid the punfiGiitlou plaut ; and (.^)1 
the trade etHueiit« might Ih> very acid or very alkaline, or otherwiie 
chemically injurious. Sucli diJKculties could, however, be overcome, and 
the purification of a mixture of trade refiiee with ordinary sewage is 
generally lern difficult and less cf^tly than their separate ptiHfi cation. An 
alteration of the lavv in therefore recommended^ making it the duty of the 
local authority to provide such sewers as are necessary to cari'y trade 
effluents as well as domestic sewage and giving the manufacturer the 
right, subject to certain safeguard», to discharge hia refuse into the sewers. 
These safeguards, relating chiefly to the preliminary treatment of the 
trade refuse before its discharge into the sewers, should he snbje^^t to 
confirmation by the proposed Central Authority. This authority should 
also 1>6 entntnted with the settling of differences between the local authority 
and the manufacturer. The local authority should also be expressly 
cxemptcfl from any liability for tlie infringement of riparian rights by the 
discharge into a sewer of water obtained by the manufacturer from a 
stream. The Commissioners are of opinion that the manufacturerft should 
t^ontribnte tt>wards the cost of aewage disposal and }>iirificatiou tu?cording 
to the preliminary treatüient adopted. They also think it de«iniblo that 
power ahoidd be C4>uferretl on the local authority to undertake the digp^mal 
of sludge resulting from preliminary treatment at the expense of the 
manufacturer, V>ut they do not think that the manufacturer ahoidd Ik? 
entitled to compel such removal Special einphasis m laid in thi« Thirfl 
Report ujion the necessity for a Central Rivets Authority. Appeak to 
the C/Ourts o<Muipy much tiuje, and are very expensive as well a« oftt»n very 
imaatisfftctory through want of expert evidence. They recommend that, 
the Central Authority should have the following permanent chief Dflieera:4 
an adminiatrative head, a bacteriologist, a chcuuat, and an engineer. The 
officers of the Central Authority should be clothed with the necessary 
powera to iwmduct inquiriea, to call witnessesj to enter premises to take 
aarnples of the trade effluent, and generally to do such acts ae aie neees«ary 
for the proper performance of their duties» An increase in the number 
of River» Boards is recommeuded, aa these generally have the sympathy of 
loc»al authoritiea as well as manufacturers, at^d could thus form a court of 
first instance in difterences lietween the parties, the Central Anthoritv 
remaining as a court of appeal. Although the Rivers Pollution Prevention 
Act lias been on the Statute Book for over a quarter of a century, th 
|K)llution of rivers in many parts of Kuglaud still goes on unchecked» 
that the protection of the rivers is a Tnatter of such grave coueern as to 
demand immediate attention. 

Pollution of Tidal- water and Shell fisk— A Fourth Report^ issued in 



LEGAL MEASURES. I 5 

1904, deals with the pollution of tidal waters. The question of the dis- 
charge of sewage into tidal waters came into prominence on account of 
serious outbreaks of enteric fever which wore attributed to the eating of 
shell-fish, especially oysters. The capital invested in the English oyster 
industry amounts to six or eight million pounds sterling, and a good deal 
of harm has been inflicted on this industry by the alarming reports of 
shell-fish poisoning which have been circulated from time to time. In the 
interests of this industry, as well as of the health of shell-fish consumers, 
safeguards should be adopted to secure the purification of sewage, and 
again the necessity of a supervising Central Authority is apparent. 

The above, sketch of the work and recommendations of the Royal 
Commission shows that these are of such fundamental importance that 
general legislation on the subject is now expected. 

In England, then, during the last few decades, the conviction has been 
gaining ground that legislation alone will not achieve the required results 
in the purification of rivers, but that much more may be expected from 
the formation of a special authority consisting of experts in the various 
branches of the subject and occupying such a position as to command the 
sympathy of all parties. Such an authority should be free from 
bureaucratic influence, able to follow the technical and scientific advances 
made in the subject, and free to make its decisions, after judging each 
individual case on its merits. 

The above description of the development of the subject might perhaps 
be considered rather too long, but for the fact that there is always a 
tendency to follow long and laborious paths, such as we have seen has been ^ 
the case in England during the last fifty years. The conclusions which 
have been finally drawn, and the recommendations of the more recent 
Commissions, with which all parties seem to be in sympathy, are however 
applicable to all countries. 

German Legislation. — In Germany exactly similar views are now 
being expressed, but there the subject is much more difficult to deal with 
than in Great Britain. In Great Britain, Scottish law is somewhat diflbrent 
from that of England, but, with the exception of that of the Tweed, there 
are no watersheds which are situated partly in one coimtry and partly in 
the other ; thus we do not have one and the same river coming within the 
jurisdiction of two central authorities. 

It will have been seen that England has had to overcome considerable 
difficulties in attempting to purify the rivers ; and if Germany had not been 
favoured with very large rivers, which have been able to delay the period of 
gross pollution which has been reached in England, it would have had to meet 
almost insuperable difficulties. For, almost without exception, the Gennan 
rivers flow through several States, and each State has its own legislation on 
the subject. Attempts have been repeatedly made to obtain Imperial 
legislation, but the Constitution of the Empire renders this impossible. 
Only a few of the Imperial Laws (§ 366 of the Criminal Code and §, 9Q(i v^l 
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the(*ivil C<*de) Hre HppHcHVile to questions of river |¥>llntioii. 

eJucU^ry Aat tif tluf Civil Ctjde uxpre^mlj placid water logislatioii m tli^ i 

liunri» of thu «eparaU* States. 

Qiit^timist relating to Imde R^fuae arc iiion; easily dealt with 
(Germany tliaii in (ircivt Britain^ awing tc> the esi^tence of a MeU-fonim- 
Ul&l set of Trade liegulations. Thvm stipulate that the authorities 
Bhall coTisider the pjösibility of river pollution liefore graiitinji a 
concession for the ustÄblishraent of tiny new works requiring such 
conceswion. Works already existing may he siniilarly rlcalt with he aoon 
as any alterations Ut the prcnnses are intended, and the pf^liee have 
power to deal with those works which do not require a concession for 
thoir estabÜHhiiieut. 

Tlie Constitution of the Ernpirt?, however, places the supeirisiou and 
legislation ooneeming me&Biires to be adopted hy the Me^lieal and 
Vet^jrinary Foliee Authorities in the haudH of the lni[K»rial Oovcrnnietit, 
and hence § 35 of the EpideniiL* Dbeasefl At^t of Jnne 30, 1900^ stipulates 
that methods for the disposal of wast« shall l>e supervised by the Btat©^ 
and that it is tije duty of Inenl anthoritiei to remove nuisances and to 
adopt preventive incasure« against infections dr^tsiaes. If it is necesaary 
that certain regnUtious should apply to «everal States, the Imperial 
Chancellor 1»ls to sec that the State anthoriticrt mlopt luiifnnu uieasurca, 
or, in urgent c-ases, he niay issue inwtnictions to the sepinite St^ite 
authorities (§ 41 ). Pmvision is made by S 43 of this Act for tht^ formation 
of an Imperial Council of Health, tlie work of which, as far as river 
jioUution m t*onceruod, is rcKtricted, by a re5ioluti<»n of tlie Kederai i 
Council passefl in April 1901, to those waters which flow by sever 
the Federal JS taten. 

In cjiscs into which no question of rhinger to health entcrx^ and to 
which, tb ere fore, the Epidemic Diseases Act is not ajiplic^^able, the present 
position of the law reganling water [iollution in Clermany is laid down in ^ 
three decisions of the Imperial l^aw Court, At the request of J- König, 
tlie efibct of tliese decisions has heeti summarised by H. Nottarp» of 
Miimtcr, as Follows: **The decision of April 19, 18H2, is to the effect that 
any riparian owner on a private stream is entitled to prohibit the arlmission , 
to any liiglicr reach of the strenui ^^f any liquid eisecpt such as »liall 
naturally flow into the stream. The decisions of June *2, 1886, and 
September IB, 1886, limit the above hy deciding that a ripirian owner on a! 
private stream must si Ufer the a^^hnission to the Ntreatu of any liqtudj 
whether it simply increases the vohnue of the stream water or i» mixed; 
with polluting matter, ao long as such admission doe» not exceed the boundaj 
n( n^gularity and custom, c^en if the tme of the wat-er of the stream for auT 
purp<Jftt^ is thereby interfered with. Whether a parliiuilar liquid exceeds 
in nature or volume the l^KJunds of custom can only be deeidi d fmm cas^ 
Uy case. It woulrl undoubtedly do g<:> if it caused the stream to overflow, or* 
emmet f ai'tuat dnimige to tlioüe lower down on the stream, or prevent*id 
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tim of «aler which «roiüd othenrb^ be suitable m a MUfot of w&ter supply 
or for watering cattle.** 

Tlie Viirioujj F€?denil SUit^ tmdt lisive thdr «wu laws relÄtiiig U» river 
poUuLiou. They are tuoe^Ltj virry old lawis mid »ome am boo^t »r a 
Tetiermble imtiquity. A few, however, have wily n>c<?ntly been ptascxl, 
basicfl upuD the Impermi Epidemic Disease« Act. For oi&iii;ih\ an Act 
was pnssed for the State of Hamburg m 1905» relating to the ^torai*« and 
dispoHul of wa^te watery fa?cal, and other mfttteta. This Act, to^ivthtT 
with the poUoe regiilatioa^^ Is amply sut^cient to enable the atithoritirH Ui 
prL'vent any daiiger of river pollutioo within the State of Hanilmi^. For 
information respecting the legislation of other Statea» the literatiirt 
mentioned in tin? Bibliography miiat be consul tod. 

FroeslAii Legifil&tioa — The view» lately adopted by the Prusnnn 
authorities arc, however, of general hit^roät In 14<94 a PrusHian Water 
Bill waa brought forward, btit waa shelve«! I>ecau8e it wa^ n^nlised that 
without the co-operatiou of other States a Pni^tian Act would be of little 
nae. The conviction that Prussia as the largest of the Federal States 
»hotild set an example to the tither« was the cause of an ilrder Wing issued 
in 1901 by Üie F^rusäiiiu Government to the President» of the vai4ouB 
diatricta In thia Order it was pointed out that difrerenee^ in local and 
economic cxjnditions frtjtween various provioccs, and even witbin one and 
tbe »ame prcjviuee, made general legislation impo^sibks but that the ex* 
isting legisilation, [Köüibly along with a revision of the jwlice regtdiititmi*, 
should tie sufficient for present purpoaes. The methods of procorlure of the 
pcjlit-e authoritie» preini^^ a knowled*2:e of the condition of all stream a and 
of the lictujil facts relating to the disposzd of wimte waters ; hence it wotdfl 
lie ifcdviaid>le to iustruct executive oflicers to report all case« of |)olhition 
coming to tlicir knowledge. Further, insj>ections should bo made every two 
or three years of all ntreiima wliieh are at all pollute<l or iu which pollutiou 
is to be fet\red. The following {)ointö should be specially bo nie in mind : 
f 1 ) The prevention of the aprexwi of infectious diseases ; (2) the prevention of 
the ptillution of such water a^ in usse*l ffir rlriukin^ and other purjMiaes ; 
(3) protection of the public agaiust nnisanco ; and (4) protection of fishdife. 
The possibility of danger to health haa lately been recognised by the higher 
courts in case« where this danger was somewhat remote (e.^^., in ^mc eases 
of bml smells), but this possibility »hould not lie too nmch insisted u|)on, so 
as to damage other more important interests. Fishery interests would 
have, in certain caaes^ to be placed after th*iöe of agriculture or industry, 
but hard and fast rules could not be laid down, and it uitjst l>e left to the 
local authorities to proceed as they think fit after taking into account the 
local and economic conditions and all the varied and opjwi^iitig interests* 
PracticfU experience and the present poaition of aeicnce are the Ix-^t gnidcH 
in fannulating requirements; but, on the one hand, aa regards private 
streams, the ivbove mentioned decisions of the lm|>erial I^aw C'ourt must be 
borne iu mind ; mkU on the other Imnd» as regarda public stretaui, the 
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principle laid down hj the higher c^urtB that no one timy carry out any 
uiKlurtaking which exceeds the linnts of genenU custom, except with the 
permisö-ioii of the uutliDrities, The jKiliee are alao anthoriBed to t^ike actioo 
ia üiUöea of polJutitm when Uieso eoutravene certain hye laws or interfere 
with the intereatö of the public. The difficulties arising from the uae of 
the teni) " general custom " in regard to private riven* do not occur in 
eonnection with public streams, for thesie cannot l>e the subject of private 
actions, as they are neither the pn^perty of the adjoining hmdownera nor 
of the exchequer. According to a })ritjeiple laid down in the higher courts, 
action may, however, he taken agaiuHt a pollution of pnhlie w^aterB, which 
ha» not received a concession from the authorities, if such pollution ext^eeds 
the limits of genenil cuatom^ even in caaes wliere interference with the 
interests of the puhlic cannot he iissertöd. The Order goea on to estate that 
streams, the chief purpose of whioh is for drainage, especially of villages or 
factories, or which have factories and other buildings along the banks for 
considerable distance^*, must be treated diflerently to those which arc used 
for agricultural purposesi or for fisheries. If, however, the water of the 
stream is necessary for drinking or other tlomestie purposes, farther measTires 
mxmt be tiiken agninsit pollution. The actual state i>f thiogs must Ite 
considered, and streams which are pure should be kept so, whilst thoäe which 
are alreaflj* polluted may be less strictly dealt with* 

The order is accompanied with explanatorv r^nnarks in which stress i» 
laid upon a knowledge of the scientific atlvanee« and experience gained in 
deiding with qucRtions of river pollution* In deeding with pollution we 
have, on the one aide, the volume and natum of the polluting liquid ; and, 
on the other, the flow and nature of the stream into which it is t-o be 
discharged. Figures having a general application to those factors cannot 
be given at the present time. 

At the same time a Uoyal Prussian Testing Tnstittite was founded to 
collect all necessary scientific information ujkui which the action of the 
authorities could be Imsed* 

Imperial Council of Health (Grermany), — In 1899 the HeichstAg 
accepted a resolution for the appointment of a Commission to supervise 
those rivers which belong to several of the Federal States. The work of 
this Connuission was later transferred to the Imperial Coimcil of flealth, 
which, as stated above, had been called into being by the lmi>©rial Kpideruic 
Diseases Act A doolaration hy the Imperial (Tovernnient in 1 903, to Üie 
effect that the keeping of the rivers and other public waters free from 
pollution was to l>e regarded a« one of the main efforts of public health 
administration, appears to be of great importance. The general tendency 
of the large growing towns and of the flourishing industries bo get rid of 
their yearly increasing quantities of ruliläsh, filth, and sewage, by dij?cliarg- 
ing tiieni into the rivers, has imposed upon the State the duty of carefully 
guarding public watercourses. The far-reaching hj'gienic importance of 
keeping the rivers clean is faced hy the fact that the towns and factories 
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must be provided with the means of getting rid of all these matters for 
which the public watercourses seem to provide the natural outlet. Often, 
indeed, no other method is available, and then permission must be granted, 
but with certain safeguards which preclude the possibility of danger to 
health. ' Safeguards which would be generally applicable cannot be 
formulated, and hence each case must be specially dealt with according to 
local circumstances. Where the interests of a single State are concerned, 
matters are to be left to the authorities of that State ; but where the 
interests of sevenil States are concerned, the Imperial Coimcil of Health 
may, on petition of the States concerned, act as an intermediary or even 
go so far as to advise the adoption of certain measures to prevent the 
occurrence of nuisance. Although the advisory reports of the Imperial 
Council of Health have no direct legal force, it may be expected that they 
will produce the necessary results on account of the position which the 
Council occupies. The provisions of article 76 of the Imperial Constitution 
do oflfer some means of enforcing the measures advised by the Council of 
Health, and hence it is advisable to see what results are produced by the 
Council before attempting Imperial legislation on the subject. 

A comparison of the legal position in England with that in Germany 
shows that in the latter country matters are in many respects much more 
satisfactory, although the English Government has been more actively 
concerned for a longer period with questions of river pollution and also in 
spite of the fact that the condition of the English rivers has been for 
decades much worse than that of the German rivers is now or is likely to 
be for some time to come. In conjunction with the description of the 
conditions which have arisen in the Emscher valley, it may be mentioned 
that in Germany there also exists the possibility of self-help on the part of 
those concerned, after the pattern of the English Rivers Boards. 

Purification of the Emscher. — An Emscher Regulation Commission, 
appointed in 1899, and presided over by the late Mr Zweigert, Mayor of 
Essen, prepared a drainage scheme for the Emscher and resolved to form 
a special Board. A special Act was obtained, carrying out this resolution 
in 1904. The total cost of this scheme will amount to nearly a million 
and a half pounds sterling, with a yearly expenditure of £100,000. This 
amount is to be raised by the constituent authorities of the Board, the 
local authorities in the Emscher area, and these are entitled to raise funds 
from the collieries, factories, railways, etc. in the district. It is scarcely 
to be expected that such energetic action will be taken against river 
pollution in other parts of the Empire as is being taken in the Emscher 
district, where the very existence of valuable industries has become so 
intimately bound up with the question of river regulation and purification. 

Until now the authorities have dealt lightly, even with cases in which 
they were in a position to prevent serious nuisances in streams, as soon as 
they have recognised that preventive measures would imi)ose a cost upon 
the industries in question. For example, the effluents of sugar factories 
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are i|uie-tly allowed for Hevcral months in every year to groaaly |>oUuie 
immcnnis ^luJill «trejiniw, i/vea »fter uxteiiuiTe iiivijstigatioua have Iwtu 
uijulc iütü the piirificaiibu of tUesy eflliieuU tuid all the altüiidaiit difli* 
cultiuö have bt'Oti laid bare* IknibtiesM they will, however, keep tm oyo 
oil the teehiiiciO proj^re*^ of the various methods of purihcatioii and take 
action agÄin&t oxiBting nuiöauceB ?yi soon as the times are ripe, 

Iteeomuieiidatious similar to thmc made in Great Britatü for the 
estjibliBhment of a fespeeial Imperial Rivers Authority have not heen want- 
ing iti Germany, but they have been üict by the fear tliat the irariou« 
SUtes would regürfl the control whicii such an authority would exerci.^e 
aa an undue interference on the part of the Impt^rial Authorities. The 
lin[>erial Council of Healtii uiay be regarded aa a preliminary move in this 
direction, and its advisory reports have already borne a^lvantageous reanlts 
and given the authorities an idea of what a ä|>eciai Imperial Elvers 
Authority might do. 

Queations of legislation on the subject of river puritieation have been 
dealt with more thoroughly in Great Britain and Germanj than in other 
eonntrieSj and b<3th countries hjive come to appro^tiniately the same eon- 
uluaionSi as will have been gathered from the precetUng pages. A detailed 
study of the efforts made in other countries would discloee no new faets 
and may therefore be omitted here. 

Present Position of the Sewage fttieBtioB. — Undoubtedly the ditficaltieg 
of sewage purification have l>eeo made an excuae for delay, uot only by 
manufacturers, but also by many towns^ in carrjing out the roquirenients 
of su|iervising authorities. In aome utses tlie supervi.sing authorities have 
been too lenient, and it must be pleaded aa their excuse that they have 
been i^atiently awaiting the perfeetioii o( methods of purification wiiich it 
wjto hojied would yield better rchtultn at less cost to those, who had the 
aewage to deal with, 8ueh hopes were raised al>out fifteen years ago liy 
the introduction of artttieial bioltjgieal methods. The intolerable nuistinces 
U) whicli some of the Bnglis^h rivers «rave rise caused the authorities to put 
down hundreds of works in whieh thcBC uiethodH were appliecl befoix* they 
had stiKxl the teat of time. The condition uf the Gcnnan rivers allowed 
the authorities to adopt a more expectant attitude. The experience which 
has l*een gained in England by the exi^enditure i>f enitrmourt sums of money 
will Im? to Germany's jidvanUige, and it is t-o be hopt^rl that Germany will 
not find it necessary to pay as dearly for experiments which often proved 
fruitless and which the position of affairs in England made absolutely 
necewsary. 

The history of the development of methods of sewage treatment, which 
will be deaU with in the next chapter, shows that iu no branch of geience 
is it niore necessary to be cautious iu the Mloption of new^ methods. 



CHAPTER III. 

BISE AND DEVELOPMENT OF METHODS OF SEWAGE 
TREATMENT. 

Early Sewage Irrigation Processes. — So far as can be judged from the 
literature and official documents, the question of sewage purification was 
first raised in 1842 by the English authorities in a report by Sir E. 
Chadwick on the Health of the Working Classes. Mention is there made 
of the Craigentinny Meadows, near Edinburgh, which are said to have been 
first used in the eighteenth century. These were by no means irrigation 
areas in the modem sense of the term. The sewage of a part of Edinburgh 
flowed in open rubble drains on to meadow land, and it was soon observed 
that where the sewage reached, the grass grew abundantly. Hence, ditches 
were dug in all directions, in order to get the sewage on to sterile patches, 
chat these might also bear a crop. The process is the same as the much 
older one adopted in the dry southern climates, where all waste water, 
even without manurial constituents, is valuable for irrigation purposes. 
The value of the observations on the Craigentinny Meadows lay, however, 
in the fact that they showed that even in our damp northern climate 
sewage could be dealt with on laud for many decades without the latter 
losing its efficacy as a purifying agent. The irrigation meadows of 
Ashburton and elsewhere in Devon, which had been in use for sewage 
treatment from the beginning of the nineteenth century, served to 
demonstrate the same fact. 

Later Sewage Irrigation Processes. —For another reason these ob- 
servations were valuable. Up to that time, and even later, it was regarded 
as dangerous to health to flood land in the neighbourhood of dwellings. 
The General Board of Health, London, reported in 1854 that sprinkling 
water on land near houses was dangerous, and therefore it must be much 
more dangerous to spread sewage on land near the towns. It was not so 
dangerous to carry the sewage to a considerable distance hi closed pipes 
and there spray it on the land, even with hose-pipes such as are used in 
gardens. It was thought that in this manner the evaporation was reduced 
to a minimum, and that the noxious matters were so rapidly absorbed by 
the soil that nuisance was avoided. This opinion was ba^ßd \v^w ^^^tv- 
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mcnta which hüil just been ciirried out on a large ficale with the sewage of 
Loodüii^ und a company nndertook to carry sewage to the vegetable gardentj 
near Ftilham and there deal with tt in thiB manner. 

Tht^ Cr^iigcntinny expericucOj tlierefore, was considered as a proof that 
the flmKÜng of hind near towns, even with sewage, w&a not as daugerontj to 
health as bad been generally siipposecL 

The pnbli cations of smjceetling years clearly show that the question of 
irrigatcii sewage being dangeroutj to health soon aesumed secondary im* 
portance, and that the chief interest centred around the question of the 
utiljaatiou of sewage. Thii direetion of affaii^, liegides lieing due to the 
good reäiüta produced at Edinburgbi at Aübliurton, and other places in 
Devon^ at Tavistock, and at hiarroWf was also due to the fact that Ju&tua 
Liehig took up the question of town sewerage and declared that all thofts 
countries which emptied the sewage of their towns into the rivers, thus 
wasting valuable manure, would in time become impoverished. The 
value of sewage for miuiurial purpose b was Cötimatod at that time to 
be tMpiivaleDt to eight shillings or even niore per head of population 
per ajiQum. 

A real enthusiasm for sewage inigation was thus developed. Every one 
of the numeruQn official reports published during the succeeding decade« 
waa unanimous in rec4:>m mending towns to adopt this method of sewage 
treatment. An Aet of 1 B58 gave faciHtiea for towns to carry their sewage 
beyond their boundaries in order to get it on to the land. In 1862 a 
Committee of the House of Commons waa appfiinted to deal with the 
question of utilising town sewage no as to reduce the rates and at the minie 
time benefit agrieultiural interest«. Experiments were earned out at Rughy 
by a Royal Ozminnssion to ascertain tlie true manunal value of sewage and 
the best method of distributing it on laud. The Committee ciuue to the 
important conclusion that the manurial value of sewage was verj variable, 
depending upon the dilution of the sewage and the cost involved in getting 
the sewage on to suiUible land, but they believed that a financial profit was 
possible in all eascä where the local cireiiuistances were not specially im- 
favourable. A second Committee of the House of Commons, appcjintcd in 
lö64j even reported tluit it would be possible and advantageous to treat 
the whole of the London sewage on land, and that this treatment would 
result in a reduction of the nites. 

A lloyal Uoumiission, appointed in 1857 to inquire into the jKJSsibility of 
utilishig town sewage, repgrted, after eight years' investigation, that the 
proper method of sewage disposal was by land treatment, and that only by 
the adoption of this method could the pollution of river» l>e prevented ; 
that the financial results of land trcntmeuL varietl witli Uicid circumstance«, 
but yielded a profit in some qus&h. In 18fi6 and 1K67 Sewage Utilisation 
Acts were passed, enabling local authtjritiea to acquire laud and other 
properties for the purposes of aewage treatuictit outside their own districta 
ar t^ oßv hmd ali^^iuly iu their posaesision for that pm-poBC. In answer to 
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an advertisement, an offer was made to carry the sewage of London forty or 
fifty miles to the sea-coast, in order to render the sea-coast arable. An 
Act was passed in 1865 authorising this undertaking, and limiting the 
period for the completion ot the work to four years, but the work was 
never carried out. 

Chemical Treatment of Sewage.— The Commissions appointed by the 
Government had all recommended land treatment of sewage, but at an 
early date private individuals had urged the advantages of chemical treat- 
ment. Government experts had repeatedly condemned the various chemical 
methods as insufficient, and in this connection a report by Austin, the 
Chief Inspector of the General Board of Health, dated 1857, is of special 
importance. In this report Austin recommends the preparation of a 
compost from the solid matters separated from sewage by the use of pre- 
cipitants, of which he mentions lime either alone or used in conjunction 
with sulphate of ahmiiua, sulphate of iron, burnt magnesia, animal charcoal, 
etc. He regarded the action of chemical precipitants as simply an aid to 
the separation of suspended matter from the sewage, and was of opinion 
that these suspended matters should be removed from sewage before its 
application to land. In this way he believed that all danger to health 
accompanying land treatment would be avoided. 

A report of 1864 states that neither mechanical nor chemical methods 
can render sewage nonputrescible. These methods of trciitment may 
yield a perfectly clear effluent, which is nevertheless capable of causing 
serious nuisance, and this ciin only be avoided by land treatment. 

It will be seen from the above that, almost as soon as the sewage 
question arose, the Government experts adopted the standpoint which has 
been maintained practically unchanged to the present day. These views 
were not shared by the local authorities, many of whom were misled by 
the active propagandism of chemical methods of sewage treatment and 
utilisation. As soon as the iuefficacy of one particular chemical treatment 
was realised, any new method which happened to be to the fore at the 
time was adopted. Thus it comes about that almost every large town in 
England can boast of having put to a practical test a whole series of 
chemical methods for sewage purification and utilisation. 

Frankland's Views. — Power of observation and common sense early 
taught the experts of the English Government to assign a proper value to 
the very numerous methods of sewage treatment. Sir Edward Frankland, 
as a member of the Royal Commission of 1868, which issued its third and 
most important report in 1871, was the first to submit questions relating 
to sewage treatment to scientific investigation. It would hardly be correct 
to say that before his time no scientific work had been done on the subject, 
for the literature dealing with chemical methods of purification divscloses 
much valuable work, but it is undoubtedly a fact that Frankland's con- 
clusions, based as they were on excellent experiments, have formed the 
foundation for all further progress relating to sewage purification u^ t/^ Xksi, 
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j>re«etit tttiie. Tbi« fact has at times betjn lost sight of, but it appeam to 
be now gunemlly reuogiiisüd. 

lo its 8i3Coud llcport, FmiilcUiid'ö Commiasioti dealt with tbe go-m]]^ 
ABC prooesi, a proufi^Ä of purifying and ntilising si.iwa^e which wiis very 
much Ixiomed about 1870. Frankkud showod that iho vnhiü of tbc 6olid»> 
rcüoverable from sewage by this prootsas wim ahnost oxautlj one ahiUiüg 
per hiü\d of popiilatiüu per aunum, and that tho actual vahto wa» less tlmii 
would l>e obtiiint'd by uaiüg the ftecal iuattt*r uloue aa a niauure. The 
UummJfisioii did not succcixl, however, in obtaining from the ABC pruoess 
a ahigle sum pie of effiuent which waa uon-putrescible. It h fiirthor ^ULtad 
that tbo [)osHibititieB of cheuii»try are uulinilted^ and that BnljMtancGS may 
be diätx>vcrod w hieb will preuipitato the ptitreöuiblü inatter from sewagt.* in 
iui insoluble form ; but that such hopes werc^ at that date, apparently far 
from rcalbation. The CammiBsign adopted the view that land treatment 
wtm the best and mowL natund niothofJ of sewage piiriticution, bnt it 
reeogniii<?d more fully than any of its prtdceessors hm\ done the difficultie& 
attendant upon the ac^jnirenient of sudicient land for irrigation purposes. 
Fniukland tberefore cotiduetod experimeuts with a view^ to incroasing the 
vohmiO of sewage wbicb tuuld be treattnl on a detiuitu are^i of land, 
Attemptu had already been made to purify sewago by moans of artificial 
sfiiid filters, but such filters cboktsl up even when e^imtrueted of coarsse 
material, ttueb sis cx>ke. Frankiaud showed^ however, that they did not 
choke if the sewage waä applied in comparatively smaU doses and each 
dose alkAved to trickle away before the applictvtion of the next. The beat 
n^nlts were prcniuee«! by applying the HBWage every third or fourth day, 
and not by using the til tern after the manner of waterworks filters. He 
named thiö new methtxl '* iutermittent filtration." The lioyal Comtiiiastan 
of 1^98 has termed it **land liltmtion/' 

Fiiiukland s reeommendatitai^ found little sympathy in England. As 
htto as 1B77 it was reported that thirty-eight towns hiid luiule unsue-ces»*- 
ful att-empt« to purify sewage by njeans of filters. The examples citid 
show, however, that althougl» attempts had i»eon made, Fraukland^a 
recommendation fc; liad uot been prüi>erly followed. It was thought, liow- 
cver^ that the attempt« had been sufficient to show the futility of artificial 
sewage filtmtion. The only example of the pnjper apjilication of Frank^ 
land^s method in England in f urnibliüd by Bailey I>entout who reuun» mended 
its adoption by the town of Merthyr Tydvil in 1871 as a makeshift He 
obUtined good result^ and öueceedod in purifying ten or twelve times as 
mucli yewvage as would have been poBsil>le Ijy irrigation^ 

Bacterial Method of Sewage PurificatioB. — Frankland's intermittent 
filtnUioo wiLH made the sul>jeet of extensive stndie« in the United Statca^ 
and h*is formetl the stjirting-jx^int of the ailificial biological proccsse» 
which are receiving so much attention at the present time. In 1 8BG an 
Act for the prevention of river pollution was paased for Massiichusetia, 
The ^tate Board of Health was entruBted with the control of the rivers, 
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and meaiis were placed at its dUposal for the erection of an experiment 
station. The Board was the means of the village of Medfield adopting 
intermittent filtration in 1886, and since that time many districts have 
followed the example of Medfield. The results which were achieved will 
be dealt with later. Of much more general importance, however, are the 
experiments which have been carried out at the experiment station erected 
at Lawrence. By selecting the most suitable soil, attempts were made to 
increase the efficiency of the method, and, finally, such coarse material was 
used that the sewage passed straight through without spreading over the 
filter. Automatic devices had to be adopted to distribute the sewage. 
The London authorities became aware of these experiments and had them 
repeated. In 1892 Santo Crimp prepared experimental filters of similar 
coarse material at Barking, but instead of adopting an automatic device 
for distributing the sewage, he allowed the sewage to remain in contact 
with the filter material. The results produced were so satisfactory that a 
one-acre filter was constructed of coke, and in this, London sewage was 
treated after its previous treatment with lime and copperas. Dibdin, who 
was then chemist to the London County Council, has fully reported upon 
the results of these experiments. The method was not called " intermittent 
filtration,'' but " biological method," and the name was changed later to 
'* bacterial purification." The filters were not termed intermittent filters, 
but bacteria beds. 

In 1896 Dibdin recommended the adoption of this method at Sutton, 
a small town near London, for the treatment of crude sewage without any 
previous chemical precipitation. During the first years the results were 
very satisfactory, and the Sutton experiments aroused the interest of all 
concerned with sewage purification. In numerous English towns experi- 
mental works were constructed to test the efficacy of the so-called 
" bacterial " methods. The above details were not strictly adhered to in 
the mode of operation ; in fact, there was almost every possible variation, 
as we shall see later. It is not generally known that simultaneously and 
independent of Dibdin, J. Corbett, the Borough Surveyor of Sal ford, 
worked out a biological method of purification. His method was like- 
wise based on the Massachusetts experiments ; but in its further develop- 
ment it has surpassed the London methods. 

The general impression soon gained ground that the effluents from 
bacterial purification works, which we will henceforward term " artificial 
biological works," or, more shortly, "biological works," were equally as good 
as those obtained by land treatment, and various towns agitated for the 
removal of the stipulation of the I^ocal Government Bojird that all sewage 
should undergo a final treatment on land. As we have seen, a Royal 
Commission was appointed in 1898 to study this question, and it has come 
to the following conclusion : — 

"After carefully considering, however, the whole of the evidence, to- 
gether with the results of our own work, we are satisfied that \t \^ 
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practicable to produce by artificial processes alone, either from sewage or 
from certain mixtures of sewage and trade refuse, effluents which will not 
putrefy, which would be classed as good according to ordinary chemical 
standards, and which might be discharged into a stream without fear of 
creating a nuisance." 

German Methods of Sewage Treatment.— Germany can boast of the 
oldest known example of the treatment of sewage. Since 1559 the town 
of Bunzlau has treated its sewage by means of land irrigation, but this 
seems to be a single case. All experiments in Crermany, until within the 
last decade, have been framed upon English experiments. About thirty- 
five years ago, when Danzig and Berlin were sewered, they adopted land 
irrigation. About twenty years ago, Frankfortron-the-Maine and Wies- 
baden adopted chemical precipitation at the time when these processes 
were in vogue in England ; and since that time some towns have adopted 
one method and some the other. The only new and original method 
which has come into use is Degener's coal dust method, which will be 
described later. 

In 1877 the Prussian authorities laid down the principle that the 
discharge of unpurified sewage into the streams was in all cases to be 
prohibited. In many cases the degree of purification which was required 
could not possibly be attained, and such impossible requirements have 
stood in the way of sanitary progress. It was only when von Pettenkofer 
agitated for the- adoption of reasonable requirements that the authorities 
began to consider what was possible, and from that time sewage purifica- 
tion in Germany took a turn which was characteristic and different 
to the development of matters iu England. Since chemical precipitation 
methods had availed little, and given rise to nuisances of all kinds, 
Germany turned to the perfecting of simple mechanical screening and 
sedimentation methods. Sedimentation was first introduced at Marburg, 
and, later, at many other places, including Casscl. The authorities have 
further relaxed their requirements, and have gone so far as to allow, in 
certain cases, the adoption of screening alone to remove the coarser sus- 
|K?n(lcd matters. 

In other countries little has been done which has left a sufficient 
impression on methods of sewage treatment to require mention in this 
short historical survey, except, perhaps, the beginnings of the septic 
system which were made in France, and which will be dealt with in a 
later chapter. 



CHAPTER IV. 

EABLIEB VIEWS ON METHODS OF SEWAGE TREATMENT : 
THEIE OBJECT AND UTILITY. 

Early Views on Sewage Treatment. — After the problem of sewage dis- 
posal appeared to have been solved by the introduction of sewers and the 
water-carriage system, the question devolved into one of river pollution 
and how to prevent it by treating the sewage. The English authorities 
soon had occasion to deal jvith this question ; and the General Board of 
Health, as early as 1854, recognised the futility of attempting to "dis- 
infect'' sewage by means of chemicals such as carbolic acid. The term 
'* disinfection " had at that time a very difTcrent meaning from that assigned 
to it at the present day, and simply implied a prevention of putrefaction 
of the sewage with the attendant odours. The process was also termed 
" deodorisation," and was performed with chloride of iron and lime as well 
as with carbolic acid. In 1864 an English Commission reported that 
deodorisation could not be regarded as a method of purification for sewage ; 
that by means of chemical precipitation or filtration a sufficient degree of 
purification could not be attained, and that, although the effluent might 
appear quite clear and pure, it was still putrcscible and liable to cause 
nuisance. Finally, it was stated that irrigation was the only method of 
purification. 

It will thus be seen that the conclusions arrived at at that date, with- 
out the aid of our modem chemical and bacteriological methods, were 
practically the same as those which have again been reached after the 
application of modern science to the problem. 

Precipitation versus Irrigation. — In selecting a method of sewage 
treatment at that time, the possibility of utilising the manurial value 
of the sewage was regarded as more important than the purification. 
Revenues were expected from this source, and hence it was necessary that 
the experts of the Government should express their opinions on the subject. 
The subject htis only l)cen dealt with scientifically since the appointment 
of the English Commission of 1868, which reported in 1870 that chemical 
precipitation only removed the suspended organic matters and left the 
dissolved organic matters in the sewage, and that these latUbt x^^t^^^oXä^ 
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the major portion of the inaiuirial valvie. This exiirt'ssiou of opinion was 
callud forth by the largo numbur of methods of cliumical treat Dient wliich 
local authoritiea were then being ui^ed to adopt, and FraiiklaDd's Com- 
misalon concludcKJ that only by menns of intermittent filtnition or irriga- 
tion could the dissolvecl orgiinic uuitterH Imjj removed from sewage. The 
purifying action of the soil was snid to be due to the oxidking influence of 
the air, and the Boil itself wuä likened to our own lungs. In the case of 
irrigiUioD, the vegetable growth» aleo played a part in using up the organic 
matter. 

TliG Commission alf5o thought that the discharge into public water- 
coLirseö ought to be prohibited of any 1 liquid conttiining more than certain 
fixed ümitö of soUdi*, orgitnic matter or injurious metals, or of any Uquid 
which waa coloured or reacted titi'ongly acid or alkaline. These limttjs arc 
given on p. 253. 

Pranklond's Fixed Standard of Purity. — It is remarkable th?*t a 
uavant like Fi-ankland, ^vhoöc work and opinions are in every direction so 
eminently practical, could reconinjcnd the geneml adoption of fixed 
standards wlien it must be apparent that JK^tual el re urns tan ces arc ho 
variable ; that in nmny cases very fiuuUl volumes of sewage are admitted 
into lai^e rivers in winch the sewage m immediately lost, and ttic waten) 
of which aie not umd for drinking at>d other domiMic purposes ; wlicre^is 
in other eaaea large vohnuetj of sewage are adüiitted in tu small ötreiiuits 
the purity of which is of extreme inipoTt^ince inasmuch as their waters are 
rcipiired for domestie and induatrial puriKwe»* Such facts as lliese make 
it ijn[K>ssible to adopt fixed «tandards with regard to sewage dis[>os>al and 
puriti cation, and serve to emphasise the necessity of judging each Indi- 
vidual ease on its merittj. The standartls which were adopted l»y the 
Vienna Water Supply Uonimission in 1864 for drinking water, autl which 
found favour in niany places, nnist have had an inÖuence on the findiugii 
of Frankland*a Commission. Even for drinking wat^T it ha-s t>een shown 
that such standards can only serve as a general gtnde, and that by their 
rigid adoption difficulties arise. The most ini|K>rtant \miut to be borne in 
mind* when cojuparing the treatnjont of drinking water and sewage, ia 
that the former is to Vje consumed witliout furtlier dilution, whereas the 
latter is diluted in tlie streams to an extent vvhieh varies fixim e^ise to case. 
These standards were not embodied in the legal enajt^tnieuts, and are only 
mentioned here beeause they have exerted a considcntble inÜuenee on the 
question of tlie standards which are used at the present day by c^rtmn 
English uuthorities. 

The Local Govern ment Board has been repeatedJy urged to publisb 
stiindards aeeording to which the etMuents from sewage works could 
judged ; but it hfis alwayts declined to do so, stating that the nH|nircment 
must vary In individual ca^es. The standards of the English Rivers Boards 
will be mentioned later. 

The Engl'tah Commission appointed in 1882 reported in 188^ and 1865^ 
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like the earlier Commissions, that land treatment (either irrigation or 
intermittent filtration) was the only method of properly purifying sewage, 
and that it should be adopted even in towns placed in such a favounvble 
position as London for disposing of their sewage by discharge into large 
rivers. Since then the English Central Authority (the Local Government 
Board), as we have seen, has refused its sanction to any project laid before 
it, in which a sufficient area was not provided for land treatment. 

Exclusion of Pathogenic Organisms. — About this time the sewage 
question began to grow acute for various German towns. The reports of 
the authorities show that they were completely under the influence of 
English ideas. Their requirements were even more stringent than in 
England, for the question of river contagion was regarded as one with that 
of sewage purification, and the destruction or separation of pathogenic 
germs from sewage was regarded as an essential part of sewage treatment. 
The formulation of such requirements decidedly stood in the way, and 
hindered hygienic progress for ten years. The weakness of these fixed 
rules was first made apparent by the attacks of von Pettenkofer and other 
hygienists, so that they were finally replaced by the Prussian Ministerial 
Order of 1901. 

The present-day opinions as to the requirements to be fulfilled by 
methods of sewage purification will be discussed later (see Chapter X.), 



PART II.-THE PRESENT POSITION OF SEWAGE 
TREATMENT. 

CHAPTER V. 

GHABACTEBISTICS OF SEWAGE. 

Appearance and Character of Sewage. — The sewage of a town sewered on 
the water-carriage system is a dirty grey Hquid, possessing an unpleasant 
sweetish odour, scarcely noticeable in the open air and not repugnant, 
even in the sewers. It roaches the outfall in a continuous stream, upon 
the surface of which may be seen matches, corks, fruit skins, vegetable 
remains, and lumps of ftecal matter. If a fine sieve is placed in the current 
of the sewage, so as to retain solid matters, and these are examined, they 
will be found, in addition to the above mentioned, to consist of flocculent 
and fibrous material, rags, and small bits of paper, with perhaps a few 
hairs and other similar substances. A sample taken in a glass vessel looks 
like water which has been use<l for washing and cleaning purposes, and, 
on standing, a comparatively small amount of dirty grey slimy material 
settles out, without materially altering the appearance of the sample. 
Even after standing for twenty-four hours little further can be noticed. 
The liquid remains almost quite as turbid after passing through fine filter 
paper; but if it is passed repeatedly through the same filter paper it 
becomes clearer, as the |)ores of the filter become partly stopped by the 
material retained. Finally, a clear filtrate will be obtained without leaving 
any appreciable residue on the filter paper. If this clear liquid is allowed 
to stand for several days it first l)egins to smell slightly offensive, and then 
distinctly of sulphuretted hydrogen, caused by the decomposition of the 
putrescible matters in solution, and, finally, the odour gradually disappears. 
An unfiltercd sample subjected to similar treatment also becomes clear after 
a somewhat longer period without an increase in the amount of sediment ; 
in fact, the sediment gradually becomes smaller in amount, until only a 
little flocculent matter remains, and this, under the microscope, appears to 
consist entirely of micro-organisms. The sample is now fully putrefied ; 
and if it hjis been kept in a closed vessel, it will smell of sulphuretted 
h^lro^en, but this soon disiippears on opening the vessel 
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On first making observations, such as the above, one is surprised that 
the sewage is not dirtier and more concentrated. A comparison is in- 
vohmtarily made with the contents of cesspools, and it is forgotten that 
the filth in the sewers is diluted with the entire water supply of the town. 
The undissolved solids too, such as fiecal matter and paper, are broken up 
by the friction with the walls of the sewers, and thus reach the outfall as 
a fine sludge. 

It is often necessary to examine sewage, especially when it is a question 
of determining whether a watercourse is polluted by sewage, or when the 
effect of a particular method of sewage purification has to be investigated. 
We must then inquire whether reactions are known which are indicative of 
sewage. The contents of sewers, in towns where the water-carriage system 
has been adopted, are composed of the town^s water supply mixed with 
fa3cal matter and urine, water after being used for all domestic purposes, 
and all kinds of solid refuse which is not too large to be washed down the 
water-closets. 

Separate and Combined Sewerage Systems. — What has been said is 
applicable to the sewage of houses, barracks, prisons, hospitals, and other 
similar institutions, as well as for towns which are purely residential, many 
suburbs of our large towns and places where no industries are carried on ; 
but only when these places are sewered on the separate system, i.e. where 
the sewage is carried away in sewers which are separate from those 
receiving the rainfall. Most large towns and a good many of the smaller 
ones, however, collect the sewage and the rainfall in the same sewers, 
i.e. they are sewered on the combined system. In such cases the drainage 
from roofs and from the streets somewhat alters the appearance of the 
sewage, as described above. In English towns which are sewered on the 
separate system, it is customary to drain backyards, and roofs draining 
into backyards, into the sewers for dirty water, so that the possibility of 
refuse being washed into the rain-water sewers is precluded. 

Storm Overflows. — The advantages and disadvantages of the separate 
system, which have been so much discussed during the last few decades, 
need not be enumerated here. It may, however, be pointed out that in 
cases where it is necessary to purify the whole of the sewage as much as 
possible, the separate system should be adopted, for on rainy days the 
volume of the sewage often increases tenfold, and even more, and it would 
be yery expensive to have to construct sewage works to deal with this 
quantity. When the combined system of sewerage is adopted, storm-water 
overflows are invariably provided, by means of which the flow of sewage 
beyond a certain amount may, on rainy days, be discharged direct to the 
rivers. In England the requirements of the authorities stipulate that the 
storm-water overflows shall only come into operation when the flow of 
sewage is increased sixfold, and the sewage works must be constructed to 
deal with six times the volume of the actual sewage. Such a general 
requirement inflicts injustice and hardship, for it must be recognised that 
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be meotioned that in Hamburg the water Hupplied bj the town amountB 
to tilKJut 35 million gallons daily, and ottichil investigation has ihown that 
at leait 15 million gallon» are alno obtained daily from private weUs. ThiM 
private supply has been estimate<1 by independent investigators at 42 
million gallooH. It will therefore be Keen that hi designing a sewerage 
acheme the private sources of water isupply shouki never be left ont of 
account j and for towns already sewereil, which are about to ereet sewage 
disposal works, it is specially advisable that the volume of sewage should 
be accurately gauged* Purely practical as well a« sei en ti fie ream>ne may 
be urged for the adoption of thiis comparatively inexpensive precaution. 

If the volume of sewage per head of [jopulatiou is known for any 
particnlar town which has no manufactures*, an appiTiximately correct 
conclusion may be drawn a« to the composition of the sewage ; for the 
amount of refuse per head per day which finds its way into the sewers is 
almost the same in all placet. Strictly speak ing, it is the same only in 
those places where the mofle of living is the Bame. Dtiring n>y numerous 
investigations 1 have often been led to the conclusion that the amount of 
refuse increases with the water consumption* 1 believe this is chiefly due 
to an increased use of soap. Wlierever the water consumption reaches 
35 or 45 gtdlons per head per day the sewage is so dilute that the small 
differences in the amount of refuse are of little or no practical importanee. 

It will he see II T therefore, that the %*ater cousumption considerably 
alters the concentration of the sewage. In many small towns the water 
consumption amounts to about 10 gallons per head per day (Gottingen, 12) ; 
in othera it rettches about 20-25 (Berlin, 17 '5; Cologne, 26^2; Hanover, 
20*3; Dresden, 21 '8, Bremen^ 23*9); whilst in otbem it reiichi?s almost 
40 gallons ( Frank fort-on4he-Maine, 38*0; Hambtirg, 37 '5); and, finally, 
some towns use much larger quantities (Freiburg in Breisgati, 73*1 : HuQTalo, 
North America, 155 ; Alleghany, 198). A water coiisimiption in excess of 
35 to 45 gallons per heafl per day can hardly be justified on hygienic 
grounds, except in very warm climates ; and where, for econoiBic reaaons, 
it is deainible to reduce the consumption to within these limits, the object 
may be attained by the introduction of water nicteiu and similar safeguards» 

Influence of Soap on Sewage. — With regard to the nature and 
quantity of the refuse which converts the water supply into sewage, the 
following remarks are applicable, so long as the sewers contain mainly 
domestic sewage i As already stated, the sewage looks like water which 
has lieen used for cleaning purposes, and I believe that scmp is one of the 
main factors which influences the qualitative and quantitative composition 
of the sewage. At certain tlmea of the day kitchen refuse shows itself, 
and in many towns Monday is weish-day. On a small ec^ile, as in varionä 
institntiouB, wash-day makes a great diflFercnce iKJth in the quantity and 
soapy nxiture of the sewage. 

Influence of FsBces and Urme on Sewage. — ^The opinion is often 
fi^jiMv^it^i that little di fie re nee is made in the character of sewage by the 
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admission of the faecal matters into the sewers. This opinion is based 
upon comparative studies made some time ago in English towns. Vor 
Pettenkofer estimated the average yearly production of faeces at about 
75 lbs. per head of population and that of urine at about 950 lbs. Other 
estimates agree very closely with these figures. If the above opinion is 
correct, we must assume therefore that, in a town with a popidation of 
10,000, a ton of fa)ces and over ten tons of urine are daily discharged into 
the sewers without affecting the sewage. This m explained by saying that 
the water which is used in the water-closets dilutes the faeces to about the 
same strength as the household refuse, and that thus only the quantity of 
sewage is increased, but not its concentration. Baumeister, after making 
comparisons in towns which he regarded as in all respects alike, except 
that in some the faeces were admitted to the sewers and in others not, has 
adopted a different view. He states that in the former towns the amount 
of refuse in the sewage amounts to 186 grammes of dry material per head 
per day and in the latter only 100*5. These figures, which I intend to 
use as a basis for further calculations, were obtained from estimations of 
the total organic matter and the dissolved inorganic matter in the sewage. 
The inorganic matter in suspension was neglected, without, however, 
intending to deny its hygienic importance. The figures represent, 
therefore, the sum of the organic matters in suspension and of the total 
matters in solution, after these have been dried. Generally speaking, 
such a method of calculation would be justifiable ; but Baumeister neglects 
one important factor, the composition of the town water, and, as he uses 
the Hamburg sewage to support his conclusions, it is necessary to point out 
this fact. 

Sefuse in Water Supplies. — The chemical couiposition of the water 
supplies of the various towns which Baumeister investigated is very 
variable. Suspended solids are generally absent, and the dissolved organic 
solids are generally so small as to have little bearing on this point. They 
amount, however, in Hamburg (average for 1900) to 9*5 parts per 100,000, 
in Hanover to 10*2, in Berlin to 3*2, and in Wiesbaden to 1*4. The 
dissolved organic solids in sewage amount on the average to 20 or 30 parte 
per 100,000 (Wiesbaden, 153; Frank fort-on-the-Maine, 228; Hamburg 
average for 1901 to 1904, 2525; and Berlin, 28-52). It will be seen, 
therefore, that in Hamburg quite a third of the dissolved organic solids in 
the sewage are present in the water supply, and are therefore not character- 
istic of the sewage. In other towns this factor is not so important. 

The quantity of the dissolved inorganic solids in the water supply 
amounts to 53*67 parts per 100,000 for Hamburg (1900), 468 for 
Hanover, 10*8 for Berlin, and 6 8 for Wiesbaden. In the sewage the 
quantities are 56*73 for Hamburg (average of 100 analyses), 77*5 for Berlin, 
and 178*0 for Wiesbaden. In other years the figures for Hamburg were 
different. In August 1893 the water supply of Hamburg contained 5*0 
parts per 100,000 of organic and 121*25 of inorganic solids in 
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Holiition, and yielded thereforo 12G'25 jmrt^i of refiiaej as desigmited bv 
Bimmeiater. The quantity of dissulved inorganic Wilid?* in tiae water 
«Lipply alone wiii^ nioro than tlie entire vofiuse of lireslau, na enlculated by 
Baimiobter, viz*, 121**25, against 10^*4, and almost i^ large a« the largest 
quantity of refuae found by Baimieiater, vik., 189*2 |mrte per 100,000 for 
Berlin* 

The use, therefore» of the dissolved inorganic aolifls in f*alcnlating the 
quantity of refnse may often give misleading resjulte. 

Befuge in Sewage. — How tlien slmll the quantity of i-efiiae in sewage 
be determined and it« ehetuicid character estimated t rndoubtedl}* the 
total quantity of suspended solids, both organic and in organic, Bhould be 
regarded as refuse* From the liygienie standpoint the organic matteiB are 
more impcjrtant tliau the inorganic, but both have played a part in con- 
verting the water supply into sewage* Moreover, it must not lie «upposed 
that the sand and other mineral matter which deposits in the sewenj are 
comparable w ith the sand to be found in river beds ; for they are fiurrounderi 
by organic matter, and are mixed with rags, hair, etc., m that the resulting 
maK8 m highly putre&cible and not tit to he user! for Iniilding or other 
simihir purpoHes. In analysing the suspended matters in wewage it is 
customary to neglect the screenings, such as matcheii, fruit skin«, etc. At 
the iustigatifju of Buhner, Monti ht\j& made measurements of the amount of 
^uoh sereeuiugft removed from Horlin sewage by a sieve having aijertures 
about one-quarter of an inch {T mm.) diameter. Hi?? results eoutirni tbottt* 
obtained in other towns, and show tlmt the amount so remo^'ed is very 
small ; in Berhn it amounted on the aver^ige to 55 por cent* of the t^ital 
suspended soliils* 

The following table gives the amount of fixier anspendetl solids found 
in the sewage of Tariouö Knglish and (tennan towns : — 
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The variations which these figures show are greater thau might be ex- 
pected, and they cannot be explained by variations in the water-consump- 
tion of the towns. The daily consumption of water per head of population 
is given for Cologne as 26*2 gallons, for Birmingham 27*5, for Manchester 
29*0, for Leeds 38*5, and for Hamburg 37*5. In these five towns the 
question of sewage purification has been studied thoroughly for some years, 
and extensive analytical results have ])een obtained. It may, therefore, 
be assumed that the above figures relating to these towns represent average 
results, and I should be inclined to place greater reliance on them than on 
most of the other analytical data. Not that I assume the other results to 
be erroneous, for the Unna figures were obtained in Hamburg by the same 
method as the Hamburg figures, and are, I think, to be explained by the 
method and time of taking the samples. 

The literature relating to the amount of suspended matters in sewage 
must unfortunately be regarded as very unsatisfactory, for these matters 
are of very great importance in questions of river pollution and sewage 



Putresdbility of Screened Sewage.— If the suspended matters be 
completely separated from sewage, the clear product which remains is still 
putrescible. This is due to some extent to the urine in the sewage, but 
the process of sewage putrefaction is not the same as that of the putre- 
faction of cesspools or of urine. In the latter case the organic nitrogen is 
reduced to ammonium salts, and a strong odour of ammonia is produced. . 
In the case of putrefying sewage a somewhat indefinite odour, generally 
termed fusty, is first produced, and then a distinct smell of sulphuretted 
hydrogen. The dissolved organic matters in the sewage are the cause of 
this putrescibility. The organic carbon and the organic nitrogen are 
invariably regarded as the cause of putrefaction, and the oxygen and 
hydrogen contained in the organic matters are rightly neglected. The 
organic sulphur is improperly neglected, and this neglect is not easily 
understood, especially when we remember that it is the reduction product 
of this organic sulphur, sulphuretted hydrogen, which causes putrefying 
sewage to be a nuisance, and that the organic nitrogen of decomposing 
sewage is not indicated by any particular odour, although it is in the case 
of putrefying concentrated urine. Based on these facts 1 have had ex- 
periments carried out to see if the estimation of the organic sulphur in 
sewages and effluents cannot be n)ade of practical utility. After years of 
work the problem lias found a preliminary solution in the Hamburg 
Putrescibility Test (p. 253). 

Chlorides. — The view is often expressed that conclusions may be drawn 
as to the concentration of sewage from the amount of chlorides present. 
Urine contains about I'l per cent, of sodium chloride, so that the amount 
of sodium chloride discharged daily amounts to 12 or 16 grauunes per head 
of population. If we take 15 as a basis for our calculations, we shall find 
that where the wat<jr supply is 11 gallons per head per day, the sodium 



* w 



38 



PRINCIPLES OF 8EWAfiE TREATMENT. 



chloride in tliu sewage sliould amouut to 30 part« per 100,000, with »i 
water supply of '2:2 gallaiis t<j 15 imrts unci with a water supply of 44 
galiüQis to 7*5 parts. In certain town« sueh calculations nmy be of f-alue : 
but thtjy do not a<hnjt of a direct compariaoo of the concentration of the 
sewage of various towns. For eiample, in AugUHt 1893, the sodium 
chloride in the Hamburg water supply amounted to 82'39 parts per 
100,000, wJiicU \h nnirh moi-e than the above niethod of calculation would 
yield for the sodium chloride in the suwage, and a great mistake would be 
made by assuming that the sew^age of Hamburg h eleven titues tm stron 
as that of Freiburg (üodium chloride equal tu 7"44 parts per 100,000), and^ 
three and a liivlf tinjes as strong tm that of Breslau (süxlium chloride equal 
to 2 3 '9 2 parti* per 1 00,000). As an example in the other direction Wies- 
ba*len may he eited. The sodium chloride in the water supply i& 1**24, 
and in the sevvagt; Gil J parts per 100,000, From the^e figures the water 
consumption would lie calculated a« 11 gallons per head per day, whikt it 
ia actually 21 '2, Tlie liigh tigure for sodium chloride in the sewage is due 
to the water which find» Ita way into the sie w* en* from the medicinal springs 
of the town. 

Analyses of Watar Supplies and 3e wages. — The same care must l>c ex- 
emiHed in drawing conclusions from the results of all the usual deterinina- 
tions in sewage analysis. The following table gives the figure« for aome of 
these determinations made on the water supi>ly of variom* town» : — 
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The oxygen absorbed varices between 0'02 and 0-69, the loss on ignition 
of the solids in solution between 1*4 and 10"2 pirt« per 100,000, and the 
free ammonia between nil and traces. The following table shows how 
these figures vary for sew*ageti. 

The oxygen absorbe^l varies from 329 for Frankfort to 19-^0 for Halle. 
The latter figui*e is very high. Usually a tignre varying between 7 and 1 2 
is obtaiuefl in wateiH^^loset towns* KubuF!^ method of eÄtiiniiting thf 
o-Ty^'*?u al>8orl»otl is by Ijoiling for ten minuter in acid «oiutiou with a 
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Town. 



Analyses op Sewages. Matter in Solution. 
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solution of potassium permanganate. The loss on ignition of the solids in 
solution varies in the towns named between about 15 and 30 parts per 
100,000, and is thus between two and three times as large as the corre- 
sponding figure for the water supplies of Hamburg and Hanover, but about 
ten times as large as that for the other towns. The free ammonia in the 
sewage of the German towns mentioned in the table varies between about 
3 and 9 parts per 100,000, a figure which is not nearly reached in the case 
of any of the water supplies. The free ammonia may, therefore, be said to 
be almost characteristic of sewage. It cannot, however, be used in order 
to calculate the concentration of a sewage, for it is, as a rule, a decomposi- 
tion product, and will therefore be found in greater quantity in the 
sewage of dirty and slow-running sewers than in that of sewers which are 
kept clean and in which the sewage flows quickly without the fsecal matter 
having an opportunity of putrefying. 

Calculations based on the amounts of organic nitrogen, albuminoid 
ammonia, and organic carl)on are more free from the above objections. 
These substances are either absent in the water supply or present only in 
negligible quantities. From the amounts of these substances present in 
sewage, conclusions may be drawn as to its concentration, but here, again, 
only if the sewage is fresh ; for the organic and albuminoid nitrogen is 
decomposed in putrefying feecal matter with the production of free ammonia, 
whilst the organic carbon is partly converted into carlK>n dioxide. 

Other analytical determinations, such as the rate at which dissolved 
oxygen is used up, are less important in the examination of the character 
and concentration of sewage than in judging of the character of effluents 
from purification works and investigating questions of river pollution. 

Bacteria as Indication of Pollution.— With regard to the use of 
bacteriological methods of investigation it may be stated that the number 
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of bttcteria tu sev^'age m generally more than one luillioa per o.c* and often 
reaches as many m fifty or n hundred niilhonsj. Species of bacteria which 
may be regarded as charaoteri»^tic üf ticwage are not known. The neftrest 
approa4>h to such a specie« m the ßaetHitii mil rommunU. This bacterium 
18 found in the intestines and tber<ifons in the excreta of nearly all animala. 
Baciliu» coif mmmmm derived fri>iji eold-bltKxiefl animals can be dis- 
tinguiahtKl from that derived from warm-blooded animals, but thoee of 
bmnan origin c4iunot as yet be distinguished from those derived from other 
warm-blooded auimalB. Hent-t? the presence of Bwuihrn mil &mimimi$ in 
i-iver water is not necetjsariiy a t^ign of Kcwage pollution, for these bacteria 
may have been derived from the excreUi of liirclB. Persons suffering froto 
typhus, cholera,, diarrha?a, aud other intestinal diseases, discharge the 
germs of these diseases with their excreta. It may alao T*e regarded as 
quite possible for most other kinds of pathogenic organisms to find their 
way into sewage» especially if the patients are not isolated and all their 
discharges either destroyed or disinfected* The consequences which ought 
arise from these fact^ give rise to very important question«, which will Ije 
dealt With more fully in Chapter IX, 

Sewage NulBances. — The most manifest nuisances which arise from 
present methods of sewage disposal arc to be found in the formation of 
sludge depoaitÄ in the beds aud on the banks of the ri vet's ; in the turbidity 
and colour of the water of the streams ; in tlie putrefactive changes which 
occur and give rise to bad smells, chiefly of sulpluiretted hydrogen ; and 
ftlao in the putrefying sludge which sometimes rises to the surface of the 
streams and which may be seen floatin|f al>out with the other suspended 
matters described above. Huch nuisances have attained dimensions 8o 
serious in some districts that for long distances it is impossible to dwell on 
the banks or in the neighbourhood of the rivers. The stdphuretted hydrogen 
arising from the putrefactive chaiigcs is very ix>i8onous to hsh life, hi 
streams which are excessively jiolluted, a chamcteristic sewage flora develops, 
and this is often the cause of some inconvenience. It was such nuisances 
aa these which directed public attention to the question of sewage disposal 
and puriÖcatioö, a question which inis grown in im].>ürtjtnce with the growth 
of towns and industrial operations^ so tliat at the present day it is almost 
impossible to name a town which has not its own sewage problem. Even 
the towns which are situated on estuaries, and which, until a abort time 
ago» felt ijiiite safe in this direction» are now l>etng compelled, by the oyster 
industries and other similar interests, to grapple with the tjuestion of 
sewage purification. 



CHAPTER VI. 

OBJECTS OF PUEIFICATION WORKS. 

Batio between Volume of Sewage and that of Bivers. — In an earlier chapter 
it was pointed out that the problem of sewage purification has assumed 
various aspects from time to time. It was at first entirely neglected, then 
some action was taken, and, gradually, more intelligent and reasonable 
ideas have been developed. The most important result, which has been 
reached after years of discussion, is the general recognition, during the 
last few decades, and as far as Germany is concerned during the last ten 
years, that general requirements cannot be formulated for the purification 
of sewage. In order to demonstrate this fact, I usually draw a comparison 
between towns, such as Hamburg, Cologne, and Vienna, which discharge 
their sewage into mighty rivers and equally large towns, such as Berlin, 
Leipsic, Manchester, Leeds, Birmingham, etc., the sewage of which amoimts 
in volume to a considerable fraction of that of the stream upon which 
these towns are situated. The former towns can discharge the whole of 
their filth into the rivers without leaving any noticeable traces. If the 
coarser suspended matters are retained, the actual point of discharge is 
not perceptible. Small towns of a few hundred or thousand inhabitants, 
which are situated on these mighty rivers, are in an even more favourable 
position. Between such extremes there are almost all imaginable stages, 
and it would be ridiculous, from lx)th hygienic and »esthetic standpoints, if 
the most favourably situated of the^e towns were compelled to purify their 
sewage to the same extent as Leipsie, Manchester, etc., are forced to do, 
if they would not entirely mar the streams on which they are situated. 

Infection of Bivers. — The question of sewage disposal is intimately 
bound up with that of spreading epidemics by means of jwlluted rivers. 
The danger of infection may, however, be dealt with separately from the 
problem of sewage purification, and such a treatment of the subject is 
desirable, because the problem is often only complicated by the introduction 
of questions of infection in cases where the possibility of infection 
is very remote. Each case will have to be dealt with individually 
according to whether or not those living lower down the stream 
are dependent upon the water of the stream for drinking ^wd os^Vx^t 
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domestic pLtrposes, and the meiisiires to be twlopted in ames of opidomic 
disefiac can only be decided upon after dnc couüidemtion of all the loaül 
conditions, A general requirement that all sewage shall be treated to 
mich an extent as to deBtroy all pathogenic germs can certainly not be 
enforced at the present tiioc. 

Bemoval of Suspended Matter». — If we therefore auiu up the pwiition 
only as regardi^ sewago puriJication, and leave out the qviestion of infection, 
we see tliat tijc first reqvurement of any uiethod is that the gros^tr 
jiUHpende^j solids mn»t bo removed to »ueh an extent that solid matter» 
which are eharacterietie of uev^^age are not allowed to flotit on the surface 
of the streams or deijosit on the Imnkk Such a requirement can Ijc 
fiüfilled by the use of gratings iUid screens (see p. 47). At the present 
time such apparatuis is sn designed a» to retain solids of a diameter of 
about one-twelfth of mi inch or even less^ hut many engineers rej^ard it as 
an open questiou whether it m advinable to retain solids of a diameter of 
less than alx>ut one-eighth of an inch by appilratus of this kind. 

In ceases where it is neoessarj to adopt further meaaureii in order to 
prevent the discharge of all the solid sewage uiatters into the streams, 
sedimentation (see p. 65) aud chemical precipitation (see p. 1*7) may lie 
resorted to. If further requireiuents ate to be met, so that it is necessary to 
attack the dissolve*! solids and to obtiin an effluent which m non-pi itrescible, 
wc have at the present time only biological methods at our disposal These 
are methods by which the dissolved Bolids are removed from sewage by 
processes of absorption and are then decomposed by the action of micixi- 
organismB and finally oxidiserl The oldest of tFiese methtKls is irrigation 
(see p. 101), to which nnist he added Fi-ankland's land ttltmtion (see p, lit*), 
which has now been practised for over thirty years. Finally, we have 
artifeial biological methods, which have arisen uut of Frankland's method 
and winch have bt»eu in use for a little over ten yeans. 

it is not advisable to treat the sewage by any of these three 
biological methods before it has undergone some sort of preliminary 
treatment in onler ti> remove some of the suspended nuitters. The opinion 
is more and more gaining ground that biological methods should only he 
used after the suspended solids have lieen removed from the »ewage as 
much as possible. Detritus tanks and screens only rai*cly iiftbrtl sufficient 
preliminary treatment, aud usually either aedimentation, chemieal precipita- 
tion, or septic action has to be reij<>rted to. 

In afldition to the above biological methods, Degcner's lignite mcthofl 
e*in be appUed so as to yield a non-putrescible effluent. 

None of the*to methods of purificatiou ensures the complete removal of 
pathogenic germs from the sewage, and henee, in cmcn where such removal 
is necessary, disiufeetion (see p. 22H) must be carried out. 

The aliove metho<ls of ti'eatmont aro more fully discussed iu the three 
following chapters. 



CHAPTER VII. 

DESCRIPTION OF METHODS FOB THE REMOVAL OF 
SUSPENDED MATTERS. 

A. Detritus Tanks. 

Detritus tanks or grit chambers are ^ilmost always constructed in combina- 
tion with sieves, gratings, or other screening arrangement«. This is 
accounted for by the historical development of these contrivances, ({ratings 
were first used as safeguards for the sewage pumps ; they reduce the 
velocity of the sewage current, and thus cause the deposition of the 
heavier solids. In order to facilittitc the removal of these solids by means 
of dredgers or other similar forms of apparatus, cavities were made in which 
the solids deposited more readily. 

Sloping Bottoms. — The oldest forms of detritus tanks are therefore 
merely cavities constructed with either a rectangular or circular cross- 
section, as shown in the Berlin grit chambers (fig. 1). The first improvement 





Fig. 2. — Detritus Tank adopted in England. 
Longitudinal Section. 



Fig. 1.— I^ilin Detritus Tank. 

was made on these older forms by giving the bottom of the tank an inclina- 
tion towards the end at which the sewage entere. In a few cases the 
inclination of the bottom of the tiink was to the other eud (1a^. '1^^^^ 
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Buuli it coijstnictujij ciiii haitlly bf justiiied t^vee for jietiiuRMitfUion tniiks 
ill fthifh itiucli lighter aulids have to be arrcati^i, and thüsit? cüU8tructiMl by 
Mairicb for the town of Ohrdruf (fi^. 3) nre on the pmper prhieiplc. 




¥tQ. 3,— DetritH^Tank (Ohrdruf), 

Bmnoval of BetritiiB, — Sand and other heavy material ig not dm- 
tribiited over a larjje area of the bottom of the tiiuk, but sink», immediately 
oil entering the tank, to the dcepest pointy from which it am afterwards 
be removed, In Hmull works this reoioval is elTeeted by hand labour, or, 
08 ill the ünfic of the ührdrnf tanks, by opening a valve and allowing the 




Fl», 4.^ — Detritus Taok (General Town^OlBansittg Go, ). 

detritus to fall into luickets^ wlucli are then j'euKived throujih tlit* tmnu^l 
-showu iu eroöü-si^ctiou h\ the tigurt^ Vessel» may alm> lie phieeil iu tbc 
Umkft to eateh thes detrittiB, m shown in fig. 4^ a method adopted by iho 
Keneral Town-Cleauöing Ox, Berlin. 

Iu Schneppeudahrs appamtua perfomtod metal veööclö are lowered 




Fig. 5.— Si^ijnopjiend*hV» Syatet» of Sievfts imd Dt^tritua Tuaks* 

into the detrituif ehamberH Ijy meaus of a cmue, and raided when fidl of 
detritu» (fig. ')) 

Usually detritus tankü are äepamtc froni the other püitiouis of tlu? 
jjuii/jaition plant, but at Cologne they have b^en const rue led by 
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8t*?iieniage! m a pnrt of the öedimentation tanks, which wiil be descrii>ed 
biter, at the end where the sewage entern (fi^c* 6). In this cm^ the 




Fta. d.-*Detritits Tank» (Cologne). 

detritus is sucked tnn of ttie detritus chamber by means of an evacnated 
vesiscL 

Eleirators and Grabs, — In many hirger works the detritus is dredged 
out of the detrituH tauks* fn most large towns known to me the Ijottoni 
of the iJink m level or appn^xiuiatelj level, und the dredger is moved 
j^idually lHurk\\7inis and for ward si, s*o that it com i nan d» the entire bottoui 
of the Uink. Such is the cmt at Htuuburg. In Binuiughani a grab (fig. 7) 




Fig, 7.— Gr»h Dre<lgitr tisitl at Birmiugbni«. 

is imployad, and thb w attaehe^l to n tmvelUng crane» m that the detritus 

uiaj he removed fruui auy portion of the large flat- but ti>nied detritUN tiinks. 

Detritus tankn are «eldom omitted at sewage works. fSuch iti, however, 

the c&jMs at Caaseli where the sewage enterB direct mto the sedimentation 
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tÄiiks ; this precludes the pfm«ibility of removing the sludge by purapinii, 
on account of the coai-Mer itolids which would injure the valves of the pumps, 
fiud hence a vacuum apparatim hiis to he emphwetL In Miirhurg filao, no 
detritUE tanky precede the Hcreening apparatus const ructi^fl hy Uieiisuh ; 
one of special form was constrtictod after the »crcsenn, but as it did not 
fulfil the purprjse for which it wum iiitoudcd, it need not be described here. 
The works* which Kienscli conatrticted at a Uter date in Dtittaeldorf rtrCj 
however, provided with very shallow detritu« tanks which precede the 
screening appanitus. 

The flimensiona of detritUÄ tanks are generally m> arrangcd that the 
velocity of the sewage as it passes through them is not more tlmn two 
inches per second. As* the tanks are usually very »nhort, the sewage only 
remains in them for a few ininut4ss. In the experirnentiil plant at Cblogue 
the detritus tank is only about 34 yards long ; tlie Frankfort detritiis 
chamberH are alxiut 6J yards long^ whilst in Manchester they are 9 yards 
long, and on wet days tfiey have to deal with very large quantities of 
detritus, an Manchester is not provided witl* catchpit** in the street gullep. 
The detritus tanks at the Paris pumping station at Clichy are as nnich m 
70 yards long. 

In the Dresden ex[^eri mental plant the form of ef>nstructiou shown iji 
plan in fig. 34 (p. fil), is sjiid U) have yielded good results* The tank is 
circular, 6| yards in diameter, and is constmcted to deal with 10 million 
gallons of sewage daily, It was first const ructctl in the fonn of an inverted 
cone, but ol>servations led U) this form being akindoued in favour of one 
with a flatter Ijottora, and with a second detritus tank bnilt inside, and 
concentrically with the first. The sewage first enters the out^r tank, and 
tl^e current divides into two, a portion passing each way round the outside 
of the inner tank. The two current*! meet and cause the soHds to deposit 
The inner tank wall is Ijroken dnwn oppisite the |ioint wbera the ^solidn 
deposit, and these slide down the «loping liottoni into the inner tank, from 
which they are removed by means of a dredger. 

It is an almost invariable euBtom tt) construct two detritus tanks in 
parallel, so that they may l>e cleaned out alternately. Even wlien* the 
cleansing of the tanks is perf*:>rmefl by dredgers, the flow of sewjigc through 
the tank is generally *itop|>ed during the dredging operations, Watson of 
BirnÜDgham makes an exception to this rule, for the re^ison that lie aims ut 
washing aa nuich putrescible nmtt^T as jw^ssible into his septic tanka» 

The Wiesbaden provisional works^ in the only case 1 know of in which 
detritus tanks are conntructc*! in series. The results arc said nr*t tu V*e 
encouraging. 

The name **sand intercept^jr/' which is used in (renuany for *' detritus 
tank," does not properly descrilte the fmiction of thin piece of plant* The 
matters which are intercepted in tlie detritus tank vary very much, in 
both rpuintity and nature, with local conditions. In tow^na which Fire 
gewered on the combined system, the road detritim is washed into the 
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sewers on wet days, and the quantity and nature of this material are 
largely dependent upon the kind of material used for paving the roads. 
The long lengths of macadamised roads which are connected with the 
Birmingham sewers yield extraordinarily large amounts of mineral detritus. 
This is largely intercepted in the street gulleys ; but in some towns, such 
as Manchester, the street gulleys are not provided with catchpits, and the 
whole of the road detritus is washed down to the sewage works. After 
heavy rain the quantity of detritus may be as much as three hundred tons 
in a single day. In towns which are sewered on the separate system the 
detritus tanks have less work to perform on account of the absence of 
road washings. 

As a rule, sandy material is one of the chief constituents of the 
contents of detritus tanks, but, as already stated, this material must 
not be regarded as pure sand. Kven under the most favourable 
circumstances, it is mixed with fibres and organic matter which have been 
carried down along with the sand, and it is hence rarely suitable for 
building or other purposes ; in disposing of it, its putrescible nature must 
be borne in mind. 

The amount of material which detritus tanks remove from sewage, for 
the reasons given above, cannot be expressed generally in terms of the 
volume of sewage or of the population, but the data given on p. 258 have 
been obtained from the figures of various towns. 

B. Sieves, Gratings, and Screens. 

Until about twenty years ago, sieves, gratings, screens, and other 
similar arrangements for intercepting the suspended matters from sewage, 
were only used in cases where the sewage had to be pumped and for the 
purpose of retaining large materials and mineral matter which would 
interfere with the working of the pumps. In most countries, even at the 
present day, they are only of secondary importance. In Germany, however, 
during the last ten years, screening has developed into a method of primary 
importance, which is used in all cases where sewage is discharged into such 
large rivers that a suitable dilution of the sewage is attained, and where 
therefore the treatment is carried out rather for sesthetic than hygienic 
reasons, to prevent the appearance of unsightly objects either on the banks 
of the river or on the surface of the water. The suspended matters are 
also able to act as vehicles of infection. During the last few years such 
screening apparatus has been erected at Cologne, Düsseldorf, (löttingen, 
Dresden, Hamburg, and at numerous other smaller towns. 

The problem of arresting all the suspended matters from sewage down 
to a size of one-eighth or even one twenty-fifth of an inch, without the 
erection of large tanks to reduce the velocity of the sewage, is not an easy 
one. This is due to the peculiar nature of the suspended matters ; for 
fibrous material, pieces of paper, hair and similar materials form a felt-like 
covering on the screens, and make it difficult to keep the openings free. 



48 



PRINCIPLES OF SEVVAOE TREATMENT* 



The difficulty of the ]n*f)!>lcrii ha« taxefl the inginmity of nmny engiueei"s, 
who hfiv'c invented inany Mieehiiuiciü foniiH of construotion, and the 
developmeot of all theae vanotis khidis of screening apparatus m Indeed i 
very ititereatmg study» 

Bearing in mind the inereaaiiig importaiiee of mechanical screening 
apparatiiö, which m now to he found at almost eveiy aewage work», I have 
tried aa far an possihlc to give a complete re%iew of tfie various types 
which have l>e*?n adopted* 

Grätinge aa u»ed to proteet sewage pum[3« were mostly üonstruett'd 
of round barn of iron, placed from five-eighths to one inch a{mrt* The 
material whieh ihey retained wüs removed with hand rakes. Ocisaaioaally 
u movahle grating of this kind was placed before a fised one, so that the 
motion of the grating broke np ftecal and similar matt^^rs and marie it 
possible for them to be pumped. 

Coarse Püters.^AliOut the time when ix large number of towns in 
England were experimenting upon the treatment of sewage liy means of 

filtrHtioOf the sewage was often subjected to 
some kind of preliminary treatment in order 
to prevent the filters clogging. (Generally 
li filter of very coarse coke or slag wwm 
employed, and this aet-ed like a sieve in 
keeping Iwick the grosser solids. In Amerien 
«tniw matting wag used for a similar purpose. The sewage was also 
allowed to flow over surfaea^ eoveK*d with rough »tones ; these surfaces 
were alternately put out of ushc, and the organic matters which luul been 
retiiined tlien dried up and fouhl he easily removed. All these primitive 
arrangements, liow ever, eitlier noun clogged up or \iavQ rise to nnisanet^s 




Fro. a, — Sewage Sieve ( Way lie)- 




Flu. 9.— Sewngc Siun* (White Plaitia). 



¥tQ, 10.— Perfor&teil Metallic Bukit 
(Eh^t lahmd). 



in the neigh Ixjurboofl, The next development \\im to place sieves at 
varions angles, and even horizontally (fig. H)^ m the current of the sewage, 
Tlicy were also phic^e^l on hinges, like doors, in the sewers (fig. 9), nntl 
perforated metallic liftökets were also used to ejitch the grosser suspended 
Holids (fig. 10), 

Jn ßoim, where there were difficulties in uniting the various sew^er» 
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iu^J it mnj^le outfall Hi*wt/tv and when* the lUithuritieH iii 190."5 .stipuUtfd 
fur the removal of mA\d^ hirgi-r thnu uue-tifth uf tin luvU^ hnkuhiAnH Imve 
tieeu built near the oubfalk of the separate sewei^ ami perfomt^d IjuHket» 
Hre lowered into these. The aewft^o pastjes through tlie Ixiskets, which aif 
nuHcd out of the nian-hole&i hy meauä of crnnes for cleuusiii^ piirpoKos. 

Met/.gt^r ha«4 eonntruet^l the form of sci*c<?uiiig apptimttis shown iti fi^s, 
11, 12^ Aiid 13, for the towois of Bratabcrg and liisterbur^, Tlie sewage entefH 
the clumneln («(), and overfiows, oti to the grids (f?), which have ^-ineb 
apertures, and which ölojie very alightly upwiufls in the direetion of the 
current. As soon as the lower purtionw of tlie grid become stopped iip^ 



■■ m# p ■!■ •9f^t^r^9 




flih 



.— äcreeti iritb Autom&tie Ot«anilng Apfmi&tus (Brümberg). 
Longitadiiml Se^^liaUp 



the tsewage rise% and the suspended matter in mrried to the upper portions 
of the grid. A briislt {a) continuously removes the solids fn>m the grid 
into the channel i^f), from which they are removed bj means of a worm- 
con vejor into specially constructed vessel» (t)* The apparatus is con- 
structed in duplicate, and the brushes are worked alternately. The special 
nd vantage which Metzger clninm for thia appiratus ia that the retained 
solids are immediately removed from tlie sewage and not left to l>e pressetl 
into the apertures of the grid by the current of the sewage, as is the emt; 
with vertical grids* The grid is four timem as large m the cross-section of 
the sewer* 

In many of the more modern forms of screening appamt^is a grid ih 
fijted vertically or nearly so in the current of tlie sewage, and from this 
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the solids are removed by a iiiovalik grid providtnl with forks or rak&s. 
The prongs of the torku enter tlio upertiu^» of the tixtxl grkl and uiwvy 




Flo, 12. — Screen with Automatic Cleansitig A]ipantii8 
{ Bromberg). Ofima Section* 

the solids upwards. The oldest apparatus of this kind which la known to 
me 18 tit the Clichy putitplng äbition iti Paris (hg. 14). In this ciise the 




Flu. ] :i —Screen with Automatic Ckandug App«tAtus f Broml>erg). Plan. 

grid iy fixed obliquely against the current of the sewage, and, as soon tm 
the prongs of tlie forks reach the upper end of tlie grid, they tilt 
yertieally and the aolids drop into u trough. In Manchester the same 
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principle ban been adopted, but tlic grid is placed obliquely in tbe same 




Fio. 14. —Screen with Automatic Rakes (Clichy, Paris). 




direction as tbe current of the sewage, and tlierefore the travelling screen 
is on the approach side of the grid (fig. 15). 
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In the pei*ft>ction of incclianicrtl /ippiimtus for reüiining s^oÜds, most 
VÄlnable s^erviui.^ lui^ l»eeii iTnclered \*y the engineeiv HDrmauii Uieusch, 
who haa Wen iuüeÄsautly engugetl fur ovur ten year» iu de^ismj^f fonns of 
apparutus which will rotjiin evvn the finest, jwiticles and iu uhich the 
objeotionabk lülxjur is perfonneii Miituiinittcully iimtead of by hand, tui 
foroierly. Uta first experinient^ \\ ere riiade on tnidc refuse, from which lie 
iucKseeded in reeoveriug valualje uiaterialw, Hk experimetits on sewage 
were carried out first at Wiesliiidetij and then, on a larger seale» at 




Ft a. t&. — Rienech's Mj^dium Screen. Lo [latitudinal SectioD, 



Marburg, Continually introducing improvement«^ Itienach has demised ^ 

the screening appiratu& at other towns, the latent form being that at 
Diiaaeidorf* The [irinciplo adopted is an extension of that in nse at 
Paris and MancheBter. Instead, however, of reducing the velocity of 
tlie sewage current iKjfore the screening appamtua, m u usually the case, 
it is accelerattMil at Afarhnrg^ in order to carry all the suspoudcfl tnatters 
and the detritus on to the screens. Kicnsch s coarse and medium screen» ; 
are not straight, hut bent in the form of a segment of a circle (ft^ fig, 1 6)* 
The apertures of the coarse screen are rather over half an inch -wide, thot*d 
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(if the iiie«liinh Hcreeu ftlxnit a qviurtar of an inch, aud thosi> of tlie tine 

screen iiboiit mi eightli of ait 

ilieh. tn Nhirlmr^ tiie Hue zict'ecii 

(fig, 17) was constniott«! of wiiL- 

fixed into ü frame, aud hiul 

jiperturt.'s aljoiit .,'j-iTK-h wide. 

It waa mitoiimtieally r»iHed out 

of the sewage Ji^ äoon ita it 

became clogged, but wa« not verv 

satisfactory. Thi* fine tjcreeii» 

are uow conjütructed like the 

medium ones, which are auto- 

riiutieally- cleansed by means of 

a nitating^ comb (r^ tijr- HJ), tbu 

steel tcetii <»f which Ht hc- 

tween the Irars of the wcretm 

und mi.se the so I ids to ti atrip 

of metal (t\ us. 16). From this . . ^. „ 

n brush remove« them U) a 

travelling aprtm (A, ^i^^ 18), which conveys tijeni intii wagi^ons. 





Fl«. IS. — Hiimsc)i*Ä M*»diHiij Sc'ra*?n. Sketch, 

Movable Screens.— hi 1809 Schnepi>eud)ihh the miinager of the Wies- 
biiden Si^vage Wurkö, Louütructed an Jippipitiis In ^vhieb the acr^en was 
not Hxcd but movable, in thu form uf a ho^calkni wing öcreeu, Tltu tivisi 
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or ßix wings of the appftratiiö each coiiKistB of a screen, and the \mi of the 
sewer i« i*ci fu>llo\\ed nut in the form of a aegmcat of & circle that in any 
ptMiitioii of the rotatitijr screiiu the fntire croas-ftectiuii uf the aewer »b 
cloaed by one of the wings, Tbti screen in revolved agninst thu current of 

the sewage. The äolide are 
raised out of the sewage and 
hrnshed oft' into troughs, 
We rihall set* later that 
thin very practical form of 
apparatijs, which, so far aftj 
i know, was tirat adopted! 
by 8chneppendahl, has been 
V i irionsly m o d i fi e d and J 
utilised in other places. ^ 
8ehnepi>eiidtthl believes thtit 
it IB not adviBable to re- 
move solids leaB tlmn J-iiich 
or |4neh in size by means 
of such apimnttus, and he 
has there fore constructed a 
system of grit chambers 
{^^- *-0» provided with perforated metal vessels before the screening 
apparatus. Uhlfelder has adopted the rotating wing screen (fig. 19) 
at Fmukfort-on-tiie- Maine, Tlie wing screens adopted at Alletistoin 
do not rotate iti the sscwagei Ijiit, for cleiining piirposeK, are mised by- 
hand and the solids emptied into waggons (figs. 20 and 21). 




Fio. lö, — Wiijg«d Screen. LongitiuliniLl See Lion. 





Flo, 20* — Wi»ged SereeE (Alletiateiii). 



mm'^/A 



Fio. 2L— Winged Sore^ II 
(Albnst«iti), 



in the attempt to perforin all objectionable labour eoiuieeted with 
sewage treatment automaticiilly, without the uccesfe*ity of hand lalmvir» the 
use of fixed Bcreens is gradually being abandoned in Javour of niovable 
ones, from wlilch the solids e-an l>e removed more eanily after being mtged 
out of the sewage. There are two main types of this kind of apimratus, 
vm.^ mo ruble sieve«^ which are eonstrneted eithei" of jxsrf orated or woven 
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metal I and movable gratings which are coiiötructed of bars. The form 
raamifacturcd by John Smith tt Co. of Ciir»halton, and shown in figs. 22 
atid 23, has been adopted in Tarioua English towns, and, hq far um I could 
I l^arn, has everywhere given satiafactioti. On account of its simplieity» the 
ippai*atiis impre^Hed me favourably, A sieve of woven wire {a) is placed 
Dver two movable cyliiidera (i), which are generally operated by means of 




Fto, 22.— Ha vol Ti»}^ »S^^r^en^ John Smith k Oo-, OarishAlton. 

an under-driven water-wheel (d) placed in the current ol the sewage. 
The solids are swept from the sieve into a trough by a rotating brush (f). 

A similar foriri of apparatus W(us conötrucled by Hersfiberg at Guttingeu, 
and put into use in 1 903. The wire sieve is not simply w^oven, but eon- 
structed more like *i spring mattresa, and with a r-incli mesh. Pieces of 
brass are attached to the sieve, which is of copper, itt distances about 




Flu. 23. — K^volriiig Scneeu* John Smith k Ga, Garaha.hoij» 

a yitrd Hjnirt, in onJer to prevent tlie solids from sliding down, Tije sieve 
it* diivcn by steam [x>wer nt si veltK^ity uf iibout -J J yanls per minute. Ab 
in Smith s appamtus, the solidy are swept from the sieve by a brush which 
rotiites in the o|)iiositc direction to the screen. The ftctiou of the brtmh is 
aided \iy little jetss of water^ supplied from undeniüath by a perforated 
tube. The ^oWdn fall into waggons from whieh the excess water drains 
back into tiie sewer. Tfie drainefl solids are tlien mixed with poni dust ami 
street sweepings, and mude into a compost for agricultural purposes. 
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Besides wire, other woven inateriak have ^jeeu vecomineiided for the 
removal of the solid uütttorw fitn» eawago. 

For over ten yeartj a rotating »creen hm been in nae At Glasgow. It m 




Fici. 21.- -Sciüutsiiig ApjiJiiiiturj (HaiiiLui'g}, 

f*»imtriieted of flntl^^nud \nm barw, placud hWjiiI thrütf-fiiuirtei's of :iii iiieli 
Hpart, and provided with prujei!tiug augk^ inms to prevent llie solids fiTun 
slidiug down. At Hatubnrg & screen of sinular eotiotnictiou wm iutruduoe*! 

a, few yearn a^o. In apT>earaucc 

J ^^ it resembles the rotating üieve 

^^^ manu fjiütu red by Smith ä Co. 

It iö not a sitjve, however, hut 
H movable ^'rating const nicted of 
hum (fig. 25). The separate bars 
at^^ alwnt 15 inches long^ and 
they are j>lafefl about 5- inch 
apart, so as to form Büctions of 
the sereen 3 yard» wide. The 
whole öcreen conüiata of forty -siat 
such sections. The sniall bars 
were first couötruetcd of uaoutchouc, but this was later rejcetod in favour 
of a soft alloy. The j^-reen is so const meted that the teeth of the 
rubber comb which removes the Kolidt^ ran |ms^ between the se^jarMtt 
bars. Fi-om the rubber comb the solids are scraped on to a travelling 
Wnd by a atnp of rublier. The velocity of the screen is from 1 inclk to 1^ 




RiiMier. 



Fifi 25 P — BflM of Haiuburg Scrwn. 
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int'liGs jit-r second — a vdijcity which s allows tlic jiportuR'H Uf l>e jmrtially 
ulo^^eil iuid thii» to reniovi.* finer ausjpeiKleil matU'r. The whole upjMmtUH 
18 built ill a grit ehHUilter, 19 yard« lon^, 10 ym^is widcj at id 2 yardn deep. 




Fia. *2B. — Ik^teeiuDg ^ppiimlii« (Oit>ytloiO, 

fmru whirli tlie «edinieiit in ilred^tM^l rmt jMid diHehur^od on Ut u tnivelliug 
hutnL The drciljtrer is tnotiuted uu mil«, \vl»ieh penuit <»f ita iietiun nt uny 
IxAui of Üie detritits ehnmher. 

The apptti'fttuH shown in H^^fs, '2ii and 27 wuh eonstructeci mnnv yesirn 




ugo liy Lritlumi fur the tu wo of CroydoiL It uonai^ito of a wo\'eii wire 
»ieve, stretehed in the form of a disc, which \h placed mrom the sewer and 
roüit<}d l»y mean« of water (Kiwer, Tlie mlkh nre removed from the disc 
fiy meautt of t\ worm eotivejor. At tinst two yneh diacs were provided 
at Croydoü, one with a eoaröe und the otlier with a fine metih, Init the 
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coarser one who uiiiiece«sary and therefore wiia diöpeiised with, Lathaais 
appanitiis has also i»eeti adoptetl at Hhjl. 

Friedrich'^ api>jiratus (ü^. 28 atid 29) ai«o catmint« of a m€ve in the 
form of a disc ; it is not, however, pUieed vertit.^lly io the Hewer» like 
Latham^g apparatus, but horizoutiiliy. A coai'se sieve and a fiiie sieve are 
provided, and tbesic are shaken hy ineaDS of springs. This shaking is 




Fl(>. 28*— Friedrich*» Screetiing Apj>anitua. EUralioiit 

intended to loosen the solids and to earry them tfj a disehai] 
channel* 

ttieimtli hai^ lat-ely aliandoned the line^ whicii he pui-sued for over ten 
yeafK, and has adopted forms of appai'ntuö similar to the above. He 
places ri disc sieve nearly horiuoiitally in the ijewage, but sniüeieutly 
iuelitied to pennit of the mtained inslid^ being brought out of the sewage 




Fig. 29," Fried ricli's ScreeniDg Äiiparatiiü. Flan. 

by tlie n>tatioü of tlie sieve (fig, 30). Tbu aoYuh ixw then i-enioved from 
the sieve by means uf rotathig brushes {tig, 31). Tiju aii vantage of tbi« 
form of eonsl nation over his previoiis fornw is ascribed by ILieriseb to the 
faet that the solid» are not so Liable to be urmsiied by the apimratuö arid so 
to ese4HK.' through the sieves. 

The apparatus depicted iu *i|^s* 3-J, 33, and 34 lias been in uwe for 
«everal year« iu an experimenüil instaÜation at Dresden* At this plant 
Uie sewage first passes through a detritiui tank öj yarck long (de^^ritjed tm 



p, 4Ö), and then reaches the diBC sieve, which b 5 yards in diameter and 
haa openings |lj-inch wide. The sev^^age of n quarter of :\ uiillion in- 
habitant*;, nearly ten ndllion ^'allonw daily, imsäicö through thi.s jiieve, which 
retains aliout eight tons uf solid matter daily. Sand^ «tcuiesji and other 
detritus liave been removed befoi-e the sewi^e reaches the isievu. The 
solids which are swept from the sieve fall into u pit, from which they arc 
dredged in order to be carted away. 

The Stendal sugar factory, at which Kiensch made his tirst ej^pcrimentB, 
has adopted a fonii of a|>pttratu& eon^älructod by Joeming and Sauter (fig, 35), 




F!0, 30. — Htenscli'« Disc St^ve, 

which there given every twitiufaction. It eonaists of ti drum sieve having 
openings J- inch wide. The solids reUiined uu the surfitee of the drum form 
a hlteriiig medium, which retains ijarticlea much less than |"inch in dxe. 
The drum is eleanst^d by means of a steain blower. Siniplicity and dnm- 
bilily are aruuii^ tlie features of tins appaiiLtus. 

I'^iually, it should l*e mentioned that centrifugal force has been rceoni- 
mended for tlie removal of »uspende*! matters from ^wiigu. 



0. Grease Extraction, 

Grease iii Sewage.— Ahliough it i:^ the custcnn in üowerod towns to 
ili^t upon the proviuion of grease traps at all phages wheiv gi"ea*4e is. UkeV^ 
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to yuter tlio ^Mi^wera, tliis does not prevent considerable qiiautities oi fat 



^9^ 




■ 


■ 


I 


^^^■^^^B 






mi 


1 


a 


1 


i 
( 

1 

1 





1-1 1. 



jl, -Ru'ii^elj^^ Di^'.• >iv\t 



iiml oil fniiu liLTuininy mixed witli tht* ttowage* Degener examined the 
air-dried HtKliment from the gewa^ of Yorioiis towni, and found that tt 




Fifi. 32. -Riensciils Oiac Hie?*. 



contitined qiututitiei* of grouse vnrjing from 4 to !8 |wr t^etit. Of tUk 
gre^v, 20 j)cr cent, was nciitml fat^ 50 lo 70 pi»r cent, fatty acid«, and 
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30 per ütJuL uriöiLpouißulile vvocjI oil«. Ui^gener coioöldered that the 




Fto. S3, — Eiensch's Eiperimantal Worka CDrstdiö). Lottgituditml Section, 

composition of this gre^isß reT^dered it very statable for the npoiifacture of 
caiKÜes, soap, and oleiii. On liis recommeudätioiu the recovery of thitt 





f f 7 3 ^ 5 ^ 7 S 3 f^m 



FiO. ^4.— Ri<*iiäcVs El peri mental Worke {Dres(5en). Plan* 

pjrexL'^e wa^ first oHrried out on a large scale at Caäsel, wJiere the sludge 
from the settling tjuik« m\n Rubniitted to lienxol extmction : Uter the 
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ii»e of carbon l^stilphidc inateatl of licii/ol wa^s rocommcTMlüd. For fscvenil 
Jem's the rcjXJrtK tm Um jinx^css wert* wry pmiiiiaiiig, li*it at kni^tli it 
was aliowu tluit tlie cost of tl»e ^reiusc extraction wjih m high JUi to render 
the profess iniprofitfihlc* 

Grease Eitraction in Wool washing. — Th€ woohvftshjng works in 
York Hh ire Lave na&i varioiis niethtKl« of grease exlmctiou for a consider- 
able mimber of jearH. Usually the grease wan only extracted from sludge, 
as At Cas8el> »nd it was found advantageone to ad<i ehemicals to the 
liquid waste hi orrler to carr}' the i^reaae do^^n with the sludge. Such a 
large quantity of sludge wae pixiduced in thia manner, however, that the 
recovery of the grease by uieaus of sulphuric acid, steam, and benzole, was 
not profitable. The sludge, alter being heated to reduce ita moisture to 



Fio. 35.— Screening Ap|i&rfttiii hj Jot^niing and Snuter, 



about one-fifth of its original value, was therefore centrifugal isied. This 
process yielded three layers, viz. :— 

1, Sludge which was not further utilised, 

2, A concentrated potaah-üoap solution, which was burnt for the 

recovery of potassium carbonate. 

3, Commercial crude hinoline. 
So long as the market price of crude lanoline stand b at £20 and of 

potassium carbonate at £*23 per ton, the process is said to be profitaljle* 

It is apparent that such processes are not directly applicable to the 
conditions of towns where tlie gre^ise in the sewage is incomparably \cm 
than in the refuse from vvoolwfttihing. 

Grease Beeovery, — lately, much interest has been shown in experi- 
ments in which not the sediment from sewage, but the floating matter, iitvi 
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l)een utilised for tlie recovery of grease. Tlie Frankfort Company for tlic 
Utilisation of Town Refuse luis made use of tlie apparatus shown in fig. 36. 
Four cylinders are placed 
one within the other, the 
innermost one being closed 
in the form of a l>ell. 
The incoming sewage is dis- 
tributed over this bell, and 
enters the interior (a), 
where the major portion 
of the floating matter is 
retained. In the next 
cylinder (a*), some of the 
grease particles are also 
retained, whilst the sewage 




Fio. 36.— Kremer*s Grease Extractor (Frankfort). 

The 



flows upwards between the two outermost cylinders and overflows, 
heavier solids form a sediment in the outer cylinder. 

The apparatus shown in figs. 37 and 38, which was also invented by 
Kremer, is similarly constructed. It consists of an apparatus in which the 




Lon^it udi nBl Stdton 



Flo. 37.— Kremer's Grease Extractor. 



course of the sewage and the separation of the grease are practically the 
same as in the 'extractor used at Frankfort. The sediment is removed for 
further operations by means of a worm conveyor. Fig. 37 shows, in 
longitudinal section, a fonii of Kremer's apiwratus erected by the lierlin 
Company for Sewage Purification. 
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Fig. 



8§, — Eremer'a OrvAs« EitrActor. 



Twd such jilanti* were erected fitul tested nt the Berlin ,St'wntre Furm 
Ht (Morf ill 190*1 On an are« it! 15 atjimro ynrdti tlie plant could denl 
with 200,000 giilluns of sewage in twenty horn's, yielding 5 lbs. of floating 
matter per 1000 gftllon!^ treated, ThU conUuiied 86 per cent, of water 

and G to 9 per cent* of g:reas*e, tiie 
dried residue contained 44 to 49 
per cent, of greasy. If worked con- 
ti niiouBlVj the plant could romove 
50 per cent of the anspcndeil 
matter from the tie wage ; but if 
worked mtemutteotiy,and then deal- 
ing with ordy half as innrtb sewage, 
the ttolidä removed umounted to 70 
to 93 per uent. It ahould be 
mentioned that the sewage had 
already passed through the detritufi 
tanks at the pumping station^ aiid 
was therefore deprived of ite aaiid 
and heavier solids* 
The calculations of the above firm are based upon Schreiber'» investig- 
ations, accoi^ding to which about two-thirdw of an ounce of greaae enters 
the Berlin sewerfi per head per da>% and the Berlin sewage con tains O'OIO 
to 0026 per uent. of grease. The grease in sewage it estimated at 16 lbs. 
per bead per annum ; and since 40 per cent. (25 millions) of the popidatjoii 
of (rermany live in t«>wn3 of over 5000 inhabitant«, and of these 25 niUlion«, 
1 5 millions live in towns which are already sewered, the amount of grease 
in the sewage of Germany i« very large. Ft may be estimated at ul>out 
100,000 tons per annum, and it has until now been praetieally all waste<]. 
The problem of grease extinction i« therefore regarded as inijiortsint* 

I do not doubt that the iustidlation of simply eonatruotcd grease 
eitraetonj will be profitable in the case of abattoirs and similar w*orkji ; but 
the recovery of gre4ise from ordinary town sewage will lie expensive, unleiSÄ 
the recovery is restricted to that portion which rises to tlie surface when 
the velocity of the sewage in redneed. In some English towns this method 
iias been tried ^ and it could easily he adopted in all lai^e towns ; the gretiÄc 
thus recovered is readily Imnght by i^oap makers, Jolui Dv Watson of 
Birmingham, whose pmctical ability and unceaaing energy are devoted to 
all questions relating to sewage treatTi>ent, adopts the view that the 
recovery of grease from town sewage nhould never be attempt^^i with a 
view to financial success. 

Where the conditions are Miich that the sewage need not i>e suljjected 
to further treatment than by detritus tardis and screens, the comparativelr 
small < plan ti ties of grease present in sewage need not give urn to nuisanee* 
It appears more important, liowover, to separate the greaae, im far a» 
|*o»siblej when the sewage is to be wnbjectctl to a biological treatment, and. 
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iu the case of sewage farms, the grease deposited on the surface of the land 
is often detrimental to the treatment. 

Settlement, Septic Action, and Precipitation. 

Sedimentation. — From some of the results which have been published 
it might be inferred that detritus tanks and screening arrangements are 
capable of removing 50 to 60 per cent., or even more, of the suspended 
matters from sewage. Such inferences are not warranted, as will be shown 
in Chapter XI. Even with the very best constructed forms, 20 to 25 per 
cent, is the limit which can be attained. The remainder consists of line 
particles which would pass through any mechanical screen, but which may 
be separated from the sewage either by reducing its velocity or by bring- 
ing it to rest for a period ranging from half an hour to several hours. 
Such a process is termed settleTnent or niechanical sedimentation. By such 
treatment it is not possible to obtain a perfectly clear effluent, even by 
allowing the sewage to stand for twenty-four hours or even longer. There 
still remain from 10 to 20 per cent, of the suspended matters in the 
sewage, and these are the cause of its turbidity. 

Precipitation. — By the aid of certain chemical substances, termed 
precipitant^, these remaining solids may be practically completely removed. 
The advantages and disadvantages of jn^ecipilation, as compared with 
simple sedimentation, will be found discussed on p. 97, 

Septic Action. — The septic tank treatment may be regarded as a kind 
of sedimentation process. It has been lately adopted by many towns in 
connection with biological methods of purification. It has been already 
mentioned that sewage may bo clarified by allowing putrefaction to proceed 
as far as possible, but practically this method cannot be carried to the 
extent of the disfk)sal of all the suspended matter (see p. 86), 

In this chapter only the principles will be discussed, according to 
which these three processes have been applied in practice, and their 
comparative merits and cost will be discussed later (Chapters X. and XL). 

D. Settlement. 

Settling tanks should be so constructed that the current of the sewage 
is reduced as much as possible and as quickly as possible, and so that they 
can be easily manipulated, especially as regards the removal of sludge. 

The earliest forms, as constructed in the coal districts of England, 
were simply the most primitive kind of holes dug in the earth ; the water 
simply flowed through them, and they received no attention. They were 
therefore generally full of sludge. The tanks constructed for English 
towns some decades ago were all intended to be used intermittently, and 
were constructed as precipitation tanks. 

Theoretically, intermittent action, in which the sewage is allowed to 
come to rest, is more eflicacious than continuous action, in which the 

S 
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öewagc 13 allowed to flow contitiuottsly throiigli the Uitiks, but contiuuouft 
action has many practical ad van tage» over the m term it tent method of 
working. At each emptying and filling of the tank there m a danger of 
atirring up the ütudge, which ithoutd therefore bo removed each time the 
tank is emptied. This may be renderetl unnecessary by the use of a 
Hoating outlet^ which only allows the surfaee water to flow out (%» H9). 
Intermittent action also causes a loss in the availabl** he?ifl of the sewage 
equal to the height in tho tank^ and the time of filling and emptying are 
not ntihsed in the purifieation process, More^jver, Santo Crimp wai^ able 
U) »how, in tho case of London, where the tnuks were originally deKigiied ' 
for UMC on the intermittent ajatetn, that when the continuous process was 
adopted, without any other change whatever in the method of workingi 




Fkl 39,— Afpnintns for Emptying Settling Tanks. 



tlie volume of sludge obtained rose from 1580 to 4360 cubic yards per day 
—a result which would not have been anticiimted on theoretical grounds, 
showing that the continiiotis was far more efhcacioiis than the intermittent 
method of working. 

In England^ almost without exception, sedimentation Umkn have been 
constructetl rectangular* Scientific experiments as to the form moat suit^ 
able for the sedimentation of the sludge seem to have been liardly carried 
out at all, and many of the English iuHtallations are of the form repre- 
sented in fig. 40. The tanks are in tlie aha|>e of a fiorse^hoei or of several 
horse^^ihoes placed one after tho other, and so arranged that the Hcwage 
passes through the various sections in turn. Several division walls are 
also built across each sec Li on. 

The sedimentation tank, which is shown in longitudinal section in 
jig, 41, b a fonn which hm alao been mneh adopted in England. I'he 
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bed of the tank slopes towards the inlet end, where a pump well (b) is 
provided. The sewage enters the tank over a weir (a), extending across 

the whole width of the 
tank ; it then passes under 
a scum board (c) and 
over a submerged wall 
(d), again under a scum 
board (e) and over another 
submerged wall (/), before 
it reaches the outlet end of 
the tank, where it is dis- 
charged over a weir ($r). 
The sludging of the tank is 
effected by opening holes 
(a) in the submerged walls, 
when the sludge gravitates 

to the pimip well. 

Fio. 40.— Horee-shoe Arrangement of Tanks. o j- i. a- a. 1 

^ Sedimentation tanks 

have also been constructed in the form shown in fig. 42. Here the 

sewage has to flow horizontally in a zig-zag path before it reaches 




'' p^-re-'i 
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Fio. 41. — Sedimentation Tanks adopted in England. Longitudinal Section. 

the outlet. Another form of construction is depicted in fig. 43, in 
which several tanks are placed so that the sewage has to pursue a 





Fio. 42.— Sedimentation Tanks 
with Cross Walls. 



Fks. 43. — Arrangement of Sedi- 
mentation Tanks. 



winding course in passing through them. The sludge is intended to 
collect in the side portions of the tanks, as shown in the figure. 

Lately, the general practice has been to adopt simple forms of cou- 
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stiructioiiT liy which the sewage is lirouy^ht l^o rest jih rjiiickly as pü»atble, 
and in wliicU the sliidgiiig is performed aa e^mlj wi p>88ii>lo. 

At first little provbion was made for removing the sludge from the 
tanks. Putrefaction set in, and ^^asea were evolvod wUitih misotl the stKÜ- 
ment in lumps, and theae were discharged to the stream. The eftltient 
from the tankf^ also acquired a putrid oharacter from it» contaet with the 
putrefying shidge. Such nTiisjinoea were the canse of the opinion held 
a1>out twenty 3'eara tigo that sedimentation would lia%^e to ho alianrlonLxl, 
and tanks were then used as precipitation tanks, I hi ring the last decade, 
however, the conviction has gained ground thut in many cajjes simple 
sedimentation without tlie addition of cheniieals is quite Huffideiit, and 
that it possesses advantages over ehemical precipitjition, if tiie slurlging of 
the tanks is properly attended to and the tanks thoroughly cleaned out tm 
soon as the ftetlirneut Vjcgins to putrefy. For^ if sewjige is placed in Links 
containing putrefying sludge, a few hour« mnffieo to render the sewage 
putml In hot weather it may be neccBsary to shidge the tanks out eveiy 
two or three day», whilst in winter they will go eight or ten day». For 
this reason it is evident that the arrangements for sludging out should be 
as üiuiple as ^>oMsible. 

Sedimentation Expenments. — The most valuable experiments on 
sedimentiitioii have lieen carried out diiring the last few years by Bock 
and SchwarsE at Hanover, and contiuuefl by Htenonmgel at Cologne, These 
experinientH, together with the observations of Schmidt on the direction 
of the eurrents in the 
tanks at Oppelu, have 
cleared up all the more 
important jwints rela- 
ting to sedimentation 
processes. 

Previous to the 
Cf o 1 o g n e e^qierimcnta, 
tlie Vted of the sedimen- 
tation tiink was often 
made to slope toward« 
the outlet end. »Stcuer- 
nagel demonstrates, l>y 
means of fig, 44, the 
aljfiurdity of such a con- 
struction. If the lied of 
the taJik slopes towards 
the outlet end, the sedi- 
ment, which is chiefly dcpfjsitod at the inlet end, reduces the already 
smaller cross-section of the tank at the inlet end, and thus faoilitate» 
the stirring up of the solids by the current of t!ie sewage^ n» well a« the 
pomihlu redissolving of the solids» 




Ffo. 14.— GotHJ *nd B»it CoBstrnctioti t>t tlit' Rottam of 
Sedi mentation Tanks, acconling to Steuern ^geL 
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The experiinentM nt Hanover aud Cologne have al!«u> boon of importaiico 
in diöijoeing of the old Iwliff thsit it Is ithöolutely necessary to nxluce the 
velocity of the current of uewage through sedimentation tanks to J-iucl] or 
i^^-iouli par second, or even less. Even ho kte as 1Ö94, a MinistcTial Ordei 
stipulated that the city of Cologne should coustrucst öedimentation taiikä in 
»ueh a manner ns to reduc« the velocity of the acwage through them to 
J-inch per second. 

In 1899, Bock and Schwarz worked settling tank% 54 and 81 yards 
long, at uuch rates as to give velocities niugiug from ^-inoh to J -inch |>er 
second. Thoy dernonstnited that the night tsewage deposited no sediment, 
but at times carried away some of the solids which had been deposited 
from the tjewagc produced during the day. At a velocity of J-inch to Jhieh 
per second, they succeeded in ilepoeiting 55'7 por cent, of the auspendod 
matter from the day sowiige in the shorter of the above tanks and 
61 '5 per cent, in the longer tank. On increasing the velocity to 
I'inch per second» the reäidt produced by the longer tank was only 




FlO. 45» — Expentuutital 8ettlin^ Titik (Cologtie), Lcitigitudiui) Sectioi3. 

red need to 57 put cent. The same sewage, on stand hig for twenty- 
four hours, deposited BS^B per cent, of its suspended matter, and 11*2 
per cent, uonaisted of Yiirj fine particles which would not deposit Hettle- 
ment for an hour and a half produeod practically the same result as 
could be obtained tu three to four hour^, depositing 68-1 per cent, of 
the suspended matter. 

These in vea Ligations were followed in 19ÜÜ hy those of Sbeuemageli who 
experimented in the tank, an ihustnition of which is given in Hg, 15. 
8iüe© this tank may^ according to our prttsent knowledge, be I'egarded as a 
model for all »edimcntation tanks, a short dosuription wüU be given 
hero, After passing 11 detritus tiink and screeuing api^anitus» the sewage 
enters the sedimentation Umk by two pipe inlets, not over a weir. 
At the inlet end tlie bed of the tank is hollowed out to fonn a pump 
well From the pump well the bed of the tank, 49 yards long, rises 
gradually towards the outlet end. After passing the pump well, the 
im^jact of the sewage is broken by means of wooden guarda, which also 
serve to equalise the distribution of tlio sewage throughout the cross- 
seotiou of the tank. At the outlet end a weir is prnvided, Üie heii^hi 
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of which uMiy ha n?guliited. Ex|x*niuetiüi were carria<1 out in this 
tank wiUi velu^jitjes of tiie strwage varying from J-iuoh to 3 lucheM [xir 
socoüd. 

The tre^itmeot of tho night stiwugc at (Jolu^nie yielded results similar 
to those obUuiJcd at I-hiiiuver ] tlie el^lnent frum the t*uik euntained at 
tinicö more euypuuded matter tbun the iu flowing suwago. It was there- 
fore thought mlvisable not to use the t*ink during certaiu houns of the 
tiight. During tiio daytimOj with a velocity of J-iuch i>er seeontl» 7 2 31 per 
cent, of the fejütipcadtxj matter in the sewage wus deposited ; on iucreasing 
the veloeity t^j five tiuica this amount^ nearly the same pereeiitage of solids 
was removed, via., G9'08, and on again doubling this velocity, 58 "9 per cent, 
of the solids was depositeil 

Thu efiiuent obtained after |*iLSüing the Howjige through the tank at a 
velocity of J-inch jier second duposiUxl a further 11^7 jier cent, of theaolids 
on standing for twelve hours, thus still leaving 1 5 "99 j>er cent in 
auspension. 

These results appear more satiBfäctory than those obtained at Hanover, 
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Ftü. 4 Ö.— Action of Pump Wüll at Cologtuj with various 
Sewage V^locitie». 

especially when we cousidor that the Cologne tank was the shorter. The 
variations in the sewage of different town« may Ije the caune of differenc^ö in 
the sepiration of suspended uiatters^ but Hteueniagel beheves that the better 
results at Cologne are due to the more suitable construction of his tank* 
Ho kiys «[KJchil stress ujxju two factoi*«, whieh had alreaily Iteen recognised 
in England (see fig. 41), viz., the position of the sludge vvcU near the inlet 
end of the tank and the upward slope of the bed of tho tank towards the 
outlet end. 

In the Cologne ex peri men ti*, with a velocity of ^-ineh jMarsocoudi 70'7 per 
cent of the sludge settled into the pnrap well and 29^3 per c^nt, over the 
remainder of the tank biittom (see fig. 46). At five tinier thiM velocity the 
figures were 51 ^Ksr cent, iu the pump well and 49 per cent over the tank 
iKJttiim, and on again doubling this velocity the figures were approximatüly 
45 and 55 per cent. At higher velocities the solids were carried over the 
pump well and ou to the bottom of the tank. Steucniagel conchides that 
long tanks are necessary for high velecities^ and that shorter tanks snISce 
for lower velocities. 

ÄH a rcäult of one day » observations in each ettJie, Steuerimgel obtained 
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the following amounts of sludge per 1000 gallons of sewage for the different 
velocities : — 







Analysis < 


9f Shidge. 


Velocity 
(iuohes iwr second). 


Sludge 
(gallons). 

4-040 


Moisture 
(percent). 


Dry Kcsidue 
(percent.). 


i 


95-57 


4-43 


i 


2-474 


92-87 


7 13 


li 


1-838 


91-34 


8-66 



It will be seen that a gallon of the sludge obtained at the highest velocity 
contains about twice as much solid matter as a gallon obtained at the 
lowest velocity. If, by the use of these figures, we compare the results 
obtained at the two velocities, on the assumption that the specific gravity of 
the sludge is the same in both cases, we find that the amount of solid 
matter retained at the higher velocity is almost as great as that retained at 
the lower velocity, which is ten times less. Moreover, the sludge obtained 
at the higher velocity is easier to deal with than that obtained at the lower 
velocity, and the small excess of solids which are carried forward into the 
stream at the higher velocity consists of very fine particles, which are 
quickly distributed throughout the water of the stream. Whether the 
same results would have been obtained if the experiments had been con- 
tinued for several days has not been decided by Steuernagel. Further 
experiments would be very useful, for they might lead to the conclusion 
that a short period of sedimentation is able to remove the finer suspended 
solids, of a less diameter than, say, ^inch, more cheaply than screens, which, 
in their construction, maintenance, and working, are costly. 

The practical importance of the above experiments for Cologne was 
shown by the fact that the authorities withdrew the expensive requirements 
which they had formulated, and permitted the discharge of the Cologne 
sewage into the Rhine after the removal, by means of suitable screening 
apparatus, of suspended matters of a diameter down to ^-inch. 

The direction of the sewage currents at various depths in the tanks has 
been investigated by Bock and Schwarz. They employed small glass 
bottles, and sank these to depths varying from 1 to 6 feet. Their results 
showed that the sewage moved sometimes upwards, sometimes downwards, 
and sometimes towards the sides of the tanks, with a velocity two to three 
times as great as the calculated average velocity through the tank. 

These sources of error were later demonstrated in a very clear manner 
by Schmidt at Oppeln. By addition of a colouring matter (uranin) he 
showed that at the cooler periods of the year the warm sewage flowed on the 
top of the cooler contents of the tank. Variations in temperature cause 
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variations in the flow of the sewage, ns depicted in tig^, 47 atid 48. The 
dotted Hues show the directio» taken by the entering sewage, aeconling öiS 
it 19 warmer or colder than the oontentt* of the t4Viik. 

With regai"d to the quantity of shidgc produced l)y tjedimetitatiou and ' 
the |>ossibility of ita utilisation^ further data will be given in Chapter XL 

Loss of Head.^^ — Deep Tanks. — Al>ove, it w?is »tated tbit the continuöua 
TJietliod of working se*limentatiüu üinka is more adviuitageous than the 




^//////^^/j^,,y/J/y/^^/J. 



^^///^^//./,.r /j0i 



Fm, 47«^ Flow of Sew A^ ih rough Tanks on Gold Day»^ m^cording lo SchnLldt, 

intermittent, in that it does not involve a loss in the head of sewage. 
This 2mJ vantage applies only so far as the sediiucn tuition process itself is 
coneemedt If we also consider the dispot^l of the sludge^ the top water 
in the shallow tanks above described, when uat^ on the continuous 
principte, must be let off he fore the stndge eau be removed. The vohime 
in question i^ lurleed only a small fractiuu of the total volume of scwagei 
and hence it does not involve the installation of a large pumping 
planL 

Several engineers have attempted to oonstruet sedimentation tanks for 
contintious nse, ao as not to require emptying before removing the sludge. 
These liave taken the form of wells or towers, and have been used more 




Fig- 18.— Flow oE Jkwage thioagli T&uks oa Wunn lJ*ys, ft&ot-ding to Schmiiit. 

in conjunetion with chemieal precipitation than for simple sedimentation. 
Eminent experts liave even declared that deep tnuks are oidy apphcable 
when the sedimenUition process iö aci-elerated by means of preetpitauts. 
A few years agi», however, Mairich demonstratetl praetieally, that good 
results eould he obtained by uaiag deep tanks, even without the aid of 
precipitant^ thus showing that tlie opinion exprei*seil in the pr&ocding 
sentence, which ha<l Wen held for years, is not tenable in every case. 
Deep tunks have, howf ver, certain disadvantages which will be mentioued 
Liter, so that it appears doubtful whether they wdl be nnich used in the 
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future for the separation of suspended matter from crude sewage, especially 
as forms of construction have lately been devised, and are said to have 
given satisfaction, by. which the sediment may be removed from shallow 
tanks without first removing the top water (see p. 79). This is the only 
point in which deep tanks are more advantageous than shallow ones, unless 
the consideration, ral&ed by various authors, that the former occupy less 
space than the latter must be regarded as important. 

For the $^ter-treatment of the effluent from biological filters, a matter 
which at the present time is exciting a good deal of interest (see Chapter 
VIII.), deep tanks may be more advantageous than shallow ones and hence 
the main types will be shortly described here. It must not be forgotten, 
however, that some of these forms of construction are totally unsuitable 




Fig. 49.— Müller and Nahnsen Tank (Halle). 



Fig. 50. — Kniebiihler'sTank (Dortmund). 
Cross Section. 



for simple sedimentation, and are intended for use in conjunction with 
chemical precipitation, a process which will be dealt with lat«r. 

In 1886, Müller and Nahnsen constructed at Halle the fonu of tank shown 
in fig. 49. The sewage first passes through a detritus tank, and then enters 
the deep tank, which is about 25 feet deep, at a point (a) about 8 feet 
from the bottom. By suitably reducing the velocity of the sewage it is 
intended that the solid matters shall sink to the bottom and the sewage 
flow upwards and overflow, possibly into a second deep tank. The sludge 
is pumped from the point {b) without interfering with the working of 
the tank. 

Soon afterwards the tank shown in figs. 50, 51, and 52 was constructed 
by Kniebuhler at Dortmund. It is about 45 feet deep, and differs from the 
Halle tank chiefly in the attempt which is made to distribute tlie sewage 
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evenly thruugbout the cross-sectioD of the Umk hy inean^ of hori/x^tital 
ndiiiting channels (tig, 51), The sewage was aim) intended to risw through 
a thin filt4}r tiüd to overflow into chaunek placed all over the surface of 
the Uink (fig, 52). The Dortmund tiink» were so constructod that, on 





Flo. fiL — Kuiebiiljler'ä Tuuk 
( Dortmund). 



Fig. 52.-Ktiiebtibler*eTank 
(Dortmund). 



the dÄjB when they had most work to perfonn (blaughtering days), the 
sewage, after treatment with limo and sulphate of ahimiua or copperas, 
rose in the tank with a velocity of 02*J inch fier secondi thus remaining in 
the ta.nk for 1| hours. 

At Stargard and Neustadt in Upper Silesia, Mairich ha« construeted 




Flo. 53.^Mdriüh's Tauka (Neustadt, ü\fpsT Sikatii). 

tanks very similar to the Dortmund tanks. They do, however, possesu 
di^tiuguishing features. The Nenatadt tanks (fig. 53) are 22 feet deep, 
and the sewage entena through twelve tangential pitjes {a) leading 
horizontally towards the centre of the tank at a point 14 or 15 feet below 
the surface. Inside the tank the inlet pipes ttike the form of half pipea 
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or invertoi chaimelB, iis in the Dortuiund tank. The Stargard tanks {üg. 

54) Are wo constructed that with an upwiird velocity of 0*02 inch i>er seeoiid 

the sew^e remaiua in the Ui^nk for two horn's. Thü aewagc leaves the 

tiitik by meiina of mdiating 

chivnnelB at the aurfaeo ; 

but whereas in the l-k>rt' 

mund tank the iiewage 

ovorflows into the cliaiinels, 

m the Stargard tank it 

enters by lucan^ of holes. 

The sludge is removed 

from the Ketisttvdt tanks 

by ofKining the valve (h), 

after first stimng np the 

oouteote of tiie bottom of 

the tauk by mc^'ins of the 

stirrer {c). 

Later, Mai rich con- 
structed his tankß smaller, 

and used more of them ; at Ohrdruf^ with 6000 inhabitantOi 2S tanks were 
eonstructetl ; at Liingensalzfi, with 13,000 inhabitttnts, 40 tanks ; and at 
Gulien, w*itb 33,000 inhabitants and a daily Jlow of sewage eqiml to two 
million gallons« 84 tanks are in u^e. These small Malrich tanks, with a 




¥m, C4, — Mairich*s Tank (Stargard), 




Fio. 55,— Mjiirieh's T»ak.H (Gaben). PUd. 

working height of about 8 J feet and eo Bering 6 square yards each, are inore 
like the Dortmund tanks than Mairich'a older forma^ iia rcgaiHls the manner 
in whi^li the sewage is led into the tank. The form used at Uul>en is 
illustrated by figs. 55 and 56« 

At Birmingham, Wat-sou recommends the use of deep tanks in prefer- 
ence to shallow ones for certain purposes, more especially because tk^ 
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OutloL 



Sludge is inoro easily reniovcd froiu doep tiitikä. Tin? üfflitouiä from lib 
septic Ulli kit aire passet 1 thro ugh cluep tiinks after im^isiug alotig a large 
long chaiineL Büsidcs this» Wuteoii sends tlio effluent from his bitjlogieal 
filter» through fleep tttuks, *' Hirmiiij^'haiu 8L'i>urutoiii " (fig. 57), for the 

tL^imnal af tU© äocculent matter 
which it coiitahus. lit^qj tauku 
bei'iii tu be speciallj suitable 
for the after-piiriti cation of the 
effluent« from biolt>gieal filters. 
VVatKoix la of thi^ opiniou that 
the ejliudrical i>ortion of the 
Dortmund Umk, whieb ifi other- 
wmi^ iiimLlar iu eoii^tructiori to 
the Birminghatii Separator, is 
of little iise, Since the velocity 
of the sewage iu this portioti is 
uniform. He attaches more 
importaue© to the couici^l pf>r- 
tiou of the tank, in winch the 
velocity of tho sewage dimiuiohcs as it rii§c«, and he baa therefore niado 
hb aepanitoiTs lar^jjely of thi^s shape* The small upper cylindrical portion 
la chietly U) fiicilibite the eomieetion of the inlet and outlet piix^s. In 
Birmingham the sludge is not removed by pumps or valves from the 
bottom of the tank, \>ut is driven up a pipe, after opening a valve, by 




!^Uid(;e OuUtt. 



Flo. &f .— M«inoh'8 Tank (Guben), 
ÜTüüA Sacticin* 




¥iu. 57. — WötBoii'i BirmiughrvMi Hi^pÄfutor. 

the pressure of tlie contents of the tank, to auch a [leight that it can 
freely lltjw away. 

This aumewhiit long deseription of deep thinks has been given chiefly on 
aceuunt of their itpplication to the removal of the solids from the effluents 
from biologitml filters ; in aueh a case the «olids are usually flocculent and 
not sti liable Uj pulrofactlve deeomi>o^ition as tlie tsolids in crude sewage. 
Even wlien eoutstmeted as simply as the Dorlnmnd tank, it is isaid to bo 
diriicult to ktmyi the tanks ulean enough to prevent septic aeUou wheu 
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cnido sewngo b dealt witfu S*>mo of the anlirlH adhere to the walls and 
eoustructive portions of the tank, mul tliere detioiiipoaCj thus giving the 
effluent a &eptic character even when the sewage only remaina in the tank 
a short time. It will thus bo seen that üimplicit}' of construction is moat 
important when conmdonng the treatment of crude aewago, Mhether in 
shallow or de^p tanks. 

From theoretical conj^iderfitiouH, Dervaux has eonie to the conclimi*in 
that the action of a tank m directly pni]}ortionsd to the aurfat^e which is 
expoftcd to the aewage, and htiü thcrüfore constructc<1 a tank of the fonii 
shown in fig. 58, in which he hfis iiiaerted a lar^jfc nnnilier of conioal 
snrf^ice«. Travis has lately recommended a somewhat siDiilar eons true tiou, 
whieh will l»e dealt with later (see p. 90). Dilxlins slate t>eda alm> fulfil ii 
jif>inewhüt similar purpose ; they also will be descrilnxj later, 

Exfieritnents which I have carried out with the object of dotermintng 
whii^h ift the inoHt suitable* iiietlunl of allovvinjj Mcwatre to enter rlei^ji tank«, 
and whether the introdnction of ohstiicles to aid the de|H»Hiti(nj of the 




Fto. 58.— rk»rviiiii£'g A|i|>4r<itai with Conical 8urfw».'i, 

«Mpended tnatttsr is ail visa hie, have whown that the lattt-T is inidouhteflly 
tho ease. 

The adoption of eertuin mt^aMurei* to ensure the sd watte p/vj^yiug along 
deHnite jiiaths or cljatinclbi may he tuivisfible in tlie mm of etfluenlii from 
biological filtei^. 1 hardily think, however, that tlm a[i|>amtiis of Dervaux 
or similar forms will he suitiddo for the piirpowe, sitiee the alroudy narrow 
channels along whieh the sewage has to pass um mswlc still narrower by 
the dqiosite-d solids. This increawes the pressure of the ho wage, which then 
force« a way and carries along with it the solids which have |>revimisly 
Ijcisn dep<-iftiteib In this re8is.*ct the appiimtus of Travis is lictler than that 
of Dervawi- 

For tlie treatment of erutle sewage, however, the most imiM»itjinL |x>iuts 
in the const ruet ion of tanks seem to lie simplicity, avoiilance i>f constnictive 
parts to whii^h [intrcfactive soLidJS can adhere, and walls built a^ sniootldy 
as |)ossible. 

Bemoval of Sludge. — Of deep tanks it is reported thnt the advantage 
to be giune<i by the reiuovid of the sbidge without iot-erferiog with the 
action of the tanks is more than counteracted by the large lyiiount of water 
which is removeil along with the sludge. With careless managemeut, suck 
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a disadvantage miist ccrtainlj he rockoned with, and with mme fomiH of 
ta&k it can »ciii'üely l>e avoidod. Experience has atsu taught me that if 
the sludge m not regularly rumovtRl, but lä allowed to äuitjumulate, then 
deep tatdiä ai'e tjpeciidly Busceptible to the inilueuce of ehangee in the 
volume of sewage, such as occur on wet dajs. The wludge is then eaailj 
stirrer! up and w*ashed out of the tank. With üarele^äs management such 
aliidge may be lu a septic condition, and thus give rise to nuisance, 

Aa regards cost, shallow tanks are generally chmper than deep, and 
are m«>re easily attended to. I have no doubt that they will >*e every- 
where preferrerl ag soon as it is pof^ibie to remove the shidge from them 
w'ithant previously running off thu top water. In Bolton, experiments in 
this direction hjive Ijeen tuaflo with an apparattis constructetl by Fidler 
(fig> 59). In this* illustration the apparatus is shown moving the sludge 



Fia 59.— Fidler*» Shulge Calloctor (H*üi, BuktM & Vo,). 

from the flat bottom of a deep tank towards the sludge valve in the oentr^ 
of the tank. It can, however, be used for rectangular shallow tanks 
(fig, 60). It hivH already been mentioned that the solids are removetl in a 
similar manner fi*om the Hamburg detritUM tanks by moans of a dredger. 
But if it should be found that such j^hidge col lectors are not suitable for 
all purptiees, it is quite conceivable that suitable movable forms of apparatus 
could l*e devised for the removal of sludge from tlie bottom of shallow tanks 
and for keeping the tanks clean without previously running ofl' the top 
water. The old method of sludging shallow^ tanks at liolton is illustrated 
by fig, 61 ; and a new apimratuSf which is nsed as well ag the one »hown in 
fig* 60, m illuHtrated by fig, 62. With this apparatus it is possible to 
remove the sludge from tatiks over a hundred yards long in leas than a 
quarter of au hour. 
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At Bjinnen-Elberfeld the bottom of shallow tanks lias bt4?n con- 




Fiii. Ü0.— Kidlcr'ä :iliid^i LulKct^i Ur RectcinguUr Slmllow T^inkri 
CHuni, Bak(>r&OoO. 
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Fif^ GL " Rt^muving Sludgt' trom ScdimenUtiüii Tanks, Old MtUiu 1 (Uoitou}, 

stnicted with couitial depressiüos, tia shown iti fig, 58, m that the 
sludge can be rernovecl in tlie samo iiianiier as from deep tanks. I 
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do not think, however, that this will Vie a ^itiafaetory solution of the 
difHcnk}% 

III order tfi avoid the oxpenso which is generally involved in excavating 
for the constnietioii of deep tankö^ towers have been erected. This simply 
uiejinB that the tanks are aliove instead of below ground. This form of 
construction imn bt*en very largely uäed hy the Hrni of Rrithe-Rockner, an 
ilhiatmtion of whose apparatus, as applial to Degenera lignite proaeas, 
ia given in fig. 63, The seivage enters at the bottom of the cylinder by 
ritniuia of tanjj^entially arran^^ed pijieH (a)^ rises in the cylimlerj which 
iiiiÄ liet'n ovacuat4.HJ hy uieans of an air pump, and i^s then .siphoned over 




Fiu Ü'L—AshtfiU^A Appiriilufi fi^r ri^^moviiig Slud^a from Se<limt'atsitioii Tftnkii (Biillan). 

into the effluent channel (6). Tlie kludge is mechanically moved to the 
lowest (mint of the cylinder and then removed by pumping. 



E. Septic Treatment, 

Since 1 H95 u modification of the öedimentation prcK-esÄ, the septic tank 
treatment, has l>een adopted hy numeroiis towns, as a result of expennienti^ 
which were carried out at tl»at time by the city engineer of Exeter, Lkaiahl 
Cameron. The septic Uvnk treatment diflers from sedinunitation chictiy in 
the iaet that the sludge m not regularly removed before putrefactive 
decom|X»aition set« In, Irut is allowed to remain for months or evon for years 
in the tank». 

It has alremly l)een mentioned that the sedtuient4it]on process wa« at 
(irst often workL«d in thi» manner; not, however, intentionally, hi it on 
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aeccyiitit of bad inanafrfnieiit. Tlic consetijuenee was that thr? pmscs evolved 
from th^ decooipoailion of the ^Inilg*? <'sirrit?<l aome of the aeditucnt tipwartlä, 




K I n . Ö3. — Ro t b e- Ri fck n e r To wer. 



lind tills escaped in the efflnout, to which it ^ave a septie character In 
the septic biDk siiitjdik' niTangemcnts have liceii made Ui rediM.*e the csea|»e 
of septic sind*.'«* tti a miiiinmm, but the »ejitic chami'tör of tiie emneiit is 
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imavoidnbly assoeiat«! with the process* Hence this treatment cannot be 
regarded as a coniplete method of sewage purification. At one time it wat* 
thought otherwise, and for years before Cameruu's experiments the proces» 
phiyed such an important, not to say fatal, role that a short Itistorieal 
sketch of its developinent appears to be necessary. 

History of Septic Action. — Almtit tlie ndddle of the seyenteenth 
century putrefaction wiia ascribed to the action of microscopic organism!«. 
At that time these were not termed iMicteria, but "microecopic worms/' 
In 1773 Lh\n6 sought ** the cause cif fermentation and putrefactiotr' 
among microscopic living thiug». In 17f»2 rieneiis founrl innumerable 
'^ animalcnlie *' in all putrefying matter, and ascrilicd the origin of 
putrefaction to '*a microscopic wormy mass," In 1863^ in conjunction 

n 

Lii 
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with experiments by which he had demonstmted that fermentation was to 
be regarded as a process due to the action of micro-orgaui^ms, Pivsteur 
reconi mended the investigation of all pnncesses similar to the «lecoin position 
of sugar, organic acids, albinninoid sulistÄnces, etc., and of all processes 
connected with nitrification, in order to ascertain what part is played in 
these prnce^sses liy micro-organisms. 

About 1860, Louis M. Mf:niras, of Vesoul, constmcted the cessjioo] 
shown in 5g. 64. Tt was so arranged that tiie iioiise coniLcetious and the 
outlet pipe leading into the street dniin were always beneath the surface 
of the liquid, ^o that the g/iacs evolve*! during the putrefactive changes 
going on in the cesspool should neither gain access tf> the dwellings nor to 
tlie drains, A vessel atUiched to a chain was provided for the retention of 
the larger ä<jlid matters. All the cxcrenientitious matter and other 
putreseible «ohd» wer<^ mu] to l^o liipieHefl in the tank by anaerobic 
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fermentation with the production of only a slightly turbid liquid. The 
introduction of these cesspools in Paris was diligently advocated by the 
Abb^ Moigno, but the results obtained from them were not very satis- 
factory. Later, however, they were adopted in various places under the 
name of fosies Mourcbs. In Bordeaux, the city engineer ^ipulated that 
they should consist of two compartments, and be provided with a gas outlet 
pipe, fig. 65 ; for, contrary to the expectations of the inventor, it had been 
found that gas collected over the liquid, and occasionally attained such a 
pressure that the level of the liquid was depressed to the mouth of the 
outlet pipe, with the result that the floating solid matters were ejected. 
French hygienists, among them Richard, have stated that, according to 
their observations, the /owe« Mouras are, to say the least, perfectly useless. 
Nevertheless, under various names and with some slight modifications, 
they have again and again been brought forward as new inventions. In 
Italy and Switzerland they have been rejected by hygienists after careful 




Fig. 66.— Fosse Mouras (Bordeaux). 

investigation. Then, under the name of " biological purification plant for 
fsBcal matter," they were introduced into Germany, where they were 
adopted in a good many places, partly on account of promising reports, but 
chiefly because they were confused with the artificial biological processes 
of sewage treatment which rose into prominence about that time. Reports 
by engineers and sanitarians have also not been wanting in which it has 
been stated that sewage could be converted in such an apparatus into a 
non-putrescible liquid. The mistake has only been recognised after trial, 
and much money has been uselessly spent on this kind of apparatus. All 
experiments go to prove that sewage cannot be rendered non-putrescible in 
practice simply by septic action, although theoretically it may be possible 
(see p. 30). It should have been mentioned that, in 1878, Alexander 
Müller applied for patent rights for a process in which waste waters were 
biologically treated in septic tanks, from which air was excluded, and to 
which yeast and other fermenting substances could be added, if necessary. 
But Müller did not regard the eflluents from such septic tanks as purified. 
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and stated that they should lie filtered or used for irrigation purposes. 
Cam er on also did not regard the septic treatment as a final process, but 
only as a prelinihmiy to biological filtration, Hih intention was to aepamte 
the solid matter from the sewage and retluce its ipiantity by the Jietion 
which takes place in the septic tank. The promising I'eporta on the results 
of his ex per i met J ts quickly attract-od the attention of tlie whole eiviliseii 
world. The procesi^ was first taken up in England and tlien in other 
eountrten at a rate which is unequal led in the history of sewage puriöcatiou. 

Various anthora maintained that it was impossible to purify sewage on 
artificial biological filters withoitt first aubmitting it to septic action ; and 
from various quarters reports were to hand to the eflfect that the solid 
matters in the sewage were entirely cligestcd in the septic tanks. At first 
both these views had many upholders, but the Hamhurj^ o-xperiment« were 
the first to show conclnsively that artificial biological purification is not 
aided^ but iiinderefl, by first giving the sewage a septic character. The 
question as to what value is to be attachofl to the diuiiuntJon of sludge 
which takes place in tlic septic tank is still a matter of keen delwite. At 
finjt it Wfts maintained that the sludge was eutirely liquefied and gasified ; 
then» that its volume was reduced by 50 per cent. ; and, as a result of the 
most recent investigations of whiüh 1 am aware, it is stated that the amount 
of sludge is not reduced by more than 9 per cent 

Advantages and Disadvantages of Septic Treatment. — I shall now 
attempt to place on record all the reliable data in our possession, which will 
enable ns to assign a proper value to the advantages and the disadvantages 
of septic troatmentj for Ixith do undoubtedly exist. The advantages are ; 
(1) The separation of the solids; (2) the imiform mixture to he obtjiinetl 
from sewage very varialile in composition ; (3) the preparation of the sewage 
for biologic^d after-trejitment ; (4) tlie utilisation of the gases from the septic 
tank ; (5) the diminution nf the amonnt of sludge ; (6) the septic sludge is 
more easily drained ; aixd (7) the injurious action on pathogenic oi'ganisms. 
The disadvanüiges which have l>een urged are: (l) The fonl smell of the 
efiluont ; (2) the increased difiiculty of biological after-treatment ; (3) the 
corrosive action of the Bejiticised sewage on cement ; and (4) the injury 
eauaed to fisli-Iife, due to the large quantity of sulphuretted hydrogen 
present in the eßlueut from septic tanks. 

Scum. — Sedimentation is not so easily attained in septic tanks as in 
settling tanks. As soon as the sediment becomes septic, it is carried up- 
wards by the gases which are liberated. These gases escape at the surface 
of tlio liquid and the soUds again begin to falb This increaaes the danger 
of their being carriecl out along with the effluent, but this danger can be 
diminished by using floating stnim boards or similar arrangements so that 
large particles do not escape. The sludge which thus collects on the 
surfiice fonus a stimn, which sometimes assumes quite a tenamons leathery 
character. So far i\» 1 have been able to observe, this tenacity of the 
acum appears to be due to the growth of vegetable moulds, which form 
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a complete net-work throughout the scum. The commonest forms are 
FUobolus oedtpusj recognised by its brown spores, and a red fungus, Peziza 
ofnphalodesy which is found on most dung heaps. The scum, which 
consists of plant remains, paper, hair, fat, etc., is matted together by the 
hyphas of these fungi, and thus converted into a tough mass in which all 
kinds of worms — earthworms, Lumhricidoi, and the larvae of insects 
(especially Psychoda plialcenoides) — are to be found. At certain seasons of 
the year the moulds die, with the result that the scum breaks up and sinks 
in small pieces. In some places, as at Leeds, it has been observed that the 
amoimt of suspended matter in the effluent from septic tanks shows 
seasonal variations, and this is probably due to changes in the vegetation 
of the scum. Kain is also said to cause the scum of open septic tanks to 
break up. The sludge which falls from the scum, in the form of a fine 
crumbly earthy matter, is no longer putrescible. 

The scum is always thickest in septic tanks which receive sewage from 
which none of the suspended matter has been removed by means of detritus 
tanks or screens. Sewage which does not contain faecal or similar easily 
decomposable matter generally forms only a slight scum. In covered 
septic tanks, too, the vegetable moulds do not grow with the same intensity 
as in open tanks, and hence the scum does not become so tough, but the 
nature of the sewage has more influence on the scum than whether the 
tanks are open or closed. Scum has been observed in fosses Mouras over a 
yard in thickness and of a solid waxy consistency, and it ha» even been the 
cause of serious trouble by stopping up the inlet and outlet pipes. The 
influence of climate upon the scum does not appear to be very marked. 
In the case of towns quite close to one another, scum half a yard thick may 
sometimes be observed at one place, whilst it is almost entirely absent from 
the septic tanks of a neighbouring town. In time, the surface of the 
scum often becomes of a crumbly earthy character, and grass and other 
vegetation flourishes. The scum does not smell, and serves to prevent the 
spread of foul smells from the contents of the tank ; but even without the 
formation of much scum, septic tanks do not give rise to the nuisances from 
bad odours which it was at first feared they would do. For example, at 
Birmingham the open septic tanks, which have very little scum, cover an 
area of over 26,000 square yards, and yet villa residences have been erected 
only half a mile distant. A row of houses has been erected only a quarter 
of a mile distant from the tanks. 

Septic Tank Effluents. — From what has already been said, it will be 
seen that a calculation of the sedimentation eflected in septic tanks is much 
more difficult than in the case of settling tanks. Strictly speaking, reliable 
data can only be obtained by using the method adopted by Calmctte at 
Madeleine near Lille. He passed a fraction of the sewage to be treated 
through a separate tank, and treated the effluent from the septic tank in a 
similar manner, in order to obtain reliable average samples. The close 
agreement, however, which is to l>e found in the various analytical dft.t». 
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wliiob liave bo^ri published, ju^tiHe» the druwitig of coiicluäionä which arc 
stitticiüütly jiücuraie for alt pr£U?ti(;iiL piir]>o^cii. At Leeds the salid lunLterB 
removed from the äcwage by the septic üitaka amounted ou the average 
to G9 per cent.; at Miuicheätcr to 61*5 |Mjr cent; at BirminjLrhani to 60 
per ceuLj at Hamhurg to 713 per c€ut: at Exetor to 5G per cent»; io 
MaB«ttchu*iettB to 61 per cent; and at Leicester to 60 or 70 per coot. No 
great error would therefore he tnivde in stating that tscptie tanks are able 
to remove 60 or 70 per cent, of the suapeuded mattera from town yowage, and 
that hy careful inanagement 70 per cent, can be removed. This result 
may be con side red oh ti »factory, when we rem ember that even under the 
most favourable el rcu in stances not luueh more than 80 per cent of the sus- 
pended matter oau be romt)ved by sedimentation. The period during 
which sedinientiitiou takes place m not of such great iniportance. By 
al lowing the sewage to remain for tw^elvu bourn hi the septic trink, equally 
good resultti have been obLaiued as with twenty-four and forty-eight hour 
periods. Six houm produced the jsame setlimcntatiaii effect A two- 
hour period in the Hamburg experimental peptic tank only reduced the 
suspended organic run tier in the sew^age by aliout 30 per cent The 
sedimentation is not aftbcted by tiie tanks büing open or closed* The 
above remarks only apply to domi^stic sewage or town sewage of normal 
oomijosition. A very slight acid reaction of the sewage m sufficient to 
materially hinder tlie septic proccat», 

EqualiBatiou of S^waga — As regards the equalisation of the cctmpj^i- 
tion of the sewage, septic tank» do not possess any advantage over settling 
tanks. I have not, however, beeti able to convince myself that tbi« 
equalisatiou h of guch importance for biological treatment as some authors 
would have xm believe, especially if w^o are dealing with domestic or normal 
town sewage. It is differcsnt, however, for ttiwus such tis Manchester, where 
large quautities of trade refuse are produced, and where this is difficult to 
tre^U or is psirtly aeid and partly alkaline, 

Decrease of Pissolved Organic Matter. Production and Removal of 
Sulphuretted Hydrogen,— Opinions i^till differ on the question as Ui how far 
solids iu solution are removed by septic treatment. After yeai's of experi- 
ment, Dssiensgowsky h*is come to the conclusion that the dissolved organic 
matter i^ not appreciably reduced in the septic tank. Otlier autliors have 
come to the conclusion that the oxygen al»sorbcd and the organic and 
albuminoid nitrogen figures are reduced 60 per cent, or more in the septic 
tank. At Leeds a 50 per cent, reduction in the oxygen absorbed was actually 
observed ; at Leicesttir 36 to 60 per cent*; and at Birminghiun 29 j>er cent 
In the Hamburg experimental work» the oxygen absorbed was red need on an 
average by aliout 33 per cent* The albuminoid ammonia showed a reduction 
at Exeter of 38 to 54 per cent.; at Leicester 50 per ceut; at Birmingham 36 
per cent.; and in the Hambui-g septic tank about 23 per ceut At Hambui^ 
the organic nitrogen was reduced aliout 37 per cent, and the organic ciLrl>on 
^buut 40 per cent, by septic treatment. From the above we may safely 
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say that, in gencnil, septic trt.'uttiJOut redu*;es the dii*Jiülved ory^ulc matter 
io öcwagü liy ait miuiuut m iiicli i« ut luaät as grt!at as can be removed by 
cheiüieul preLnpiUitioii under the must favourable ciiHiumtiüiiicca. On the 
utlicr hand, tbe eÖlaenlä from aeptic taoks yield larger qiumtitiea of the 
dceünijxjöitiuii products of urgaiiic umtter tlmn are coutaiucd in tbü üewagc. 
At Hamburg, for example, the increase in the fn^c aminünia wsis on the 
average 13^5 percent.; at Manelioster 15*Ü per eent.; at Binuingham li!l4 
per cent*; at Exeter 36-1 per eent; at Lille 26 per cont.; and at Leeds mure 
than 1 00 per cent. In addition tu Üio incrciiaud quantities of free auiuionia, 
the eJÜuentö from septic tankä eoutain fairly large amounts of sulphurette<] 
hydrogen. An to the actual amounts, few data have been pubhabed. At 
Hamburg amoimtH up to 1*5 ptivtM per 100,000 have been observcMiL Tlus 
gas h the etiuse of the offensive smell of aeptic tank efilueni«, wiiiclj ia 
especially notieealile when these are agitated, as is the case when they ar& 
diatribntüd on biological filter«. Experiments are now in progress with 
the object of tixiug the sulphuretted hydrogen by passing the sewnge 
through a layer of iron ahavings before it leaves the septic tank, Siieb 
exiierimentä have been carried out tor niontlis, and have yielded very satis- 
factory results during tlie whole |>eriiML It does not ai.*vtLk mlvisidile to 
attempt to fix the sulplmretUxl hydrogen by adding iron salts to the sewage, 
for the tine tloceuleut aulpliide of iron thus formed would either clog up the 
biological filter« or jKiwa through and give the cÖluent a blacktsl» üolour. 

Septic Treatment as an Aid to Biological Piltratioii. — The cpiestion 
aü to whether septic irealmcut aida the biological after-treatment nujst, 
after what has l*eeu said aljove, be answered by say hi g that it certaiidy 
reduces the amount of 6olid matter reaching the biologicid filters. Not 
only is tlie greater part of the suspended matter retiiiaed in the septic 
tank, hut also a not inuuusiderable proportion of the dissolved solid»» Thi!s 
certainly goes a long way towards preventing the biological filtern fn*m 
sludging up. The weathering of the filtering material is also midoubtcdly 
diminished by fi.rst septieising the sewage. It is, however, another question 
whether septic treatment so altera the organic matter in tiie sewage that 
its purification is rendered c^mierj or, as some authors maintain, first made 
l^iossihle. 

The refuse trtnn sugar factories, breweries, and similar workw, which 
ooutains large amounUs of carbohydrates aud iR'uee heconies acid when 
aubjeeted to septic action, is undoubtedly more difficult to purify by 
biological methods when in a septic condition than when fresh. This 
fact, uiKUi wliich I have iutäiated fi>r a number of years, has lately Iweu con- 
firmctl l>y other inve^trgatorr^. 

But domestic and tt^wn sewiige which does not become acid when 
allowed to become septic is als*> easier to treat biologically when fresh 
thjin when septie. At Hamburg, contact lied^ could be filled six times 
a day with fresh sewage without yielding an unsatisfactory eifluent, whereas 
they would only take septic sewage twice a day. 
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The contrary opinions of Engli*?h Huthors timy be aacrilwfl to the fact 
that tbey have compared fresli aeWrigej contaitnug the whole of itä sus 
pt'iidetl matter, with aeptie Lank effluent, contahiing very little ausipeiided 
matter. Under sueh ci re tnu stances it is only to be expected tliat till^^rs will 
clü|r up sooner with fresli aewugo than with septieiseil yewjigo* At Leedö» as 
aoon an settlix] sewage wajj U8ed, the rcRults obtained were the same as those 
at Hamburg, t>* in favour of dealing with fresh sewage. At Sutton, also, 
bettor FRsults ate said to have been produced by liiological tre*ttmeiat after 
the suapended matter had l>een removed from the frt^sh titnvage. 

i am unable to iMhanee any theoretical eon si de rations which would 
support the opinioua of various eminent Engtisb chemists that a septic 
sewage la more uuienable to biologicyil treatment than fresb sewage. The 
stptic process changes the character of the dissulvetl organ ie solids iii the 
Bewage in such a way that tiieir powei-w of absorbing and of being aiwjorbed 
are undoubtedly diminished. Instead of the oa^ily decompjsiible bodies 
present in fresh sewage, there are deposited on the surface tjf the filtering 
material, bodies wlurli are with ditbculty decomjioHaVile, and which therefore 
accelerate the clojf^lng of the filter and disturb the absoqjtive prot^csses 
which should t^ike place. 

Nitrification.— The widespread idea that nitritication, *;<k the con- 
versiün of nitrogen into nitric acid^ is the only or the main function of 
biological treatment, seems to have led matij a»tmy. It has also been 
wrongly aasumc<i that nitriticatiüii aui only take place after the organic 
nitrogen has been mineralisedj i,e. converted into ammonia^ These mis- 
taken ideas seem to me to form the only theoretical foundation for all the 
dec 1 a n it ions i n fa v oi i r of se pt i c aeti on. N i t ri fy i ng orgai j isms exist, ho wever, 
winch do not nitrify annnouia, but only organic nitrogen. Experiments, 
which I have had carried ont with such orgauisuui, have shown tliat they 
oxidise the nitrogen much more rapidly than the welbknown nitrifying 
bacteria of Winogmdwky. lieaides these i»rgani?^ni6> 1 am convinctxl, as I 
stateii some yeai's ago, that other oxidising mien:M>rganisms play a very 
important jKirt in biological purification. The above facts, tlien^ countonwst 
the advantages wliich the action of sejjtic treatment may have in prejNir- 
ing the dissolved organic matters for a further biologicjvl trcatmenL 

Moreover, intrification is not snch an imi>ortaüt factor aj* has generally 
been sTipjujaed, It has bei-*n brought into prouiinence beeatise it has been 
ai?snmei! that the iniisances caused by sewage were ditc to nitnjjtienouB 
oi'ganic matter 1 am prc{Mircd to admit that mitieralisation ami oxidation 
of the organic nitrogen are to be regarded as a most favourable sigti of 
anflieient purdication ; but, if we leave out of consideration the question of 
utilising the purified efHuent, I am not pre|mred to asiTibe to nitrification 
touoh further importance. Other processes of decomi^Josition aiid oxidation 
apl^ear to me to be more injjKirtant, chief among which is the minemlisa- 
tiou of the organic sulphur. It is the sulphur and not the uitrogen whieh 
h the canse of the nuisance arising from the decomposition of nitrogenous 
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organic matter ; it is the sulphur which forms the foul-smelling sulphuretted 
hydrogen, which is strongly poisonous to fish-life. The ammonia derived from 
the organic nitrogen can scarcely be smelled in putrefying sewage, and this 
fact scarcely seems to have been noted in the literature dealing with 
sewage. 

As a rule, the sulphur escapes from the septic tank either in a gaseous 
form or as sulphide of iron in the effluent. The gaseous sulphuretted 
hydrogen escapes into the air as soon as the sewage is agitated by being 
spread out in contact with the air or by being sprayed from jets. The 
nuisance thus caused will probably have to be prevented by the adoption 
of some such precaution as was mentioned above. If the effluent from 
the septic tank is not agitated, but flows quietly, the sulphuretted hydrogen 
may be conveyed into the biological filters and there absorbed. Sulphide 
of iron is present in septic tank effluents, chiefly in very fine particles 
which cannot always l)e retained by the filters. It is, however, retained 
either by irrigation or land filtration. Added to the difficulty of prevent- 
ing the escape of sulphuretted hydrogen and sulphide of iron is the fact 
that sulphide of iron is not so easily oxidised as organic sulphur. 

The oxidation of organic carbon also appears to be more easily accom- 
plished when all the processes are aerobic than when anaerobic processes 
are introduced. This has been observed in the extended experiments 
which have been carried out at Hamburg, and the subject will be 
referred to later. 

Sludge Digestion. — From the above considerations, in spite of the 
favourable results which have been reported with regard to the se{)aration 
of suspended matters and the diminution of the dissolved organic matters, 
I must nuiintain that fresh sewage is more amenable to biological purifica- 
tion than septicised sewage. By this 1 do not wish to express any dogmatic 
judgment on the septic process. In forming an opinion, as we have seen 
and shall see later, a whole series of other questions must be considered, 
and it is necessary to judge each case on its merits. The first considera- 
tions should be with regard to the digestion of the sludge, its conversion 
into a less offensive product, and the decreased difficulty with which it 
may be stored for long periods. 

The questions relating to sludge digestion are much more difficult 
than those above dealt with, relating to the decom^josition of the dissolved 
solids. When the septic process became prominent, the sludge digestion 
was estimated at 70, 80, or even 90 per cent, of the total sludge. Later 
results have been published as follows : — Hampton, 58 per cent. ; Glasgow, 
50 per cent. ; Huddersfiold, 40 per cent. ; Accrington, 35 per cent. ; Sheffield, 
30 per cent. ; Leeds, 20 to 60 per cent. ; Birmingham, 25 per cent., and 
quite recently 10 per cent. ; and Manchester, 26 per cent. 

It is to be expected that these figures will vary in the different towns, 
since the character of the sewage and its treatment before entering the 
septic tank are variable. The sewage of one town naturally ooutÄ.vcÄ 
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more inidcüomposable solids, such as roa^I detritus, thiui that of another ; 
and mnne Idwuh piiJia the isewai^c thruu^4i dütritu« Uiuka imd ticreonti, whilst 
in otliers tbetie prooesBea are üiiiiitLHL Tlie amount of öiii5putHit?d matter 
cscapinn; with tbc effluent from the öoptie tank al^ varies according to 
the construction and working of tJic septic tunk — a fact wjiich uas little 
consider üd a few yearn ago* 

At Mancheater, for examplok the septse tank efiluent cotitainod 19*3 
parts per 100,000 of snsiiendcd matter ; at Hhoffiold 15'7"; at Oldhara 14*3 ; 
at Accrington 1T*8; at h^odn \'2*d vsith a twcl re-hour flow, and 11*4 with 
a twenty-four hour i\o\v through the tank ; at liirruiughiun ^4*4 ; and at 
Bnmley 13'ü partes per 100,000, with an oight-hoiir flow throtigh the tank. 
For cotiiparison, the sutjpcndefl matter remaining in sewage after chemical 
precipitation proco«öcy niay be given. At London it was 9*0 part^ per 
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Fio. So.— Tmvis' Hydrolytic Tank Modul. 

100,000, at Manchester 6*0, at Lcü<is U-O, at Sal ford 3'0 tt> 4 0, iind at 
Birniinghum 16*3. 

Martin is of the opiiitoii that a proper applieatioD of the latest ei- 
pcrienee w^ould lead to l>etter itjsidtö with the septic process. At Ikirrhead 
he Bijeceeded in reducing the yuspendcd matter in the eftiuont froui the 
septic tank to 8^0 partti per 100,000. ThiK agree« with the reanlt obtained^ 
at the Haoibiirg ExpcrimetiLal Station, H^59 as an average for the years 
1901 to 1904. 

Hydrolytic Tank. — At this jmint a äliort dcacription may be giveu of a 
methixl which hiy^ been worketl out by \V,( J. Travis at Hampton* His object 
is to se|>ai'at'e the pntrescible sludge fiTim the rest of tlie sewage as eii-rly jis 
p:iösible, aud to allow it to become septic after sopiration. The iirinciple of 
his method will be Ijcst nnderst-oal fixMu tig. 66. The sewage first enters a 
icttling tank, and the specißcally lighter components riise upwards (3) mto 
the nuiesceot portion of ulanfit'd sewage (1). The lipecifically heavier con- 
gtitucnis of the »ewage aink to the bottom of the tank (4) into the turbid 
Hqnld /xsrtion of the sewage (2). The älndge falb into the sludge tank 
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underneath the settling tank. From the upper clarified layer in the 
settling tank the sewage passes into the " hydrolytic tank," which contains 
a large number of plates. In the model depicted in fig. 66 a large number 
of parallel glass plates, placed slightly obliquely, were used. In passing 
between these plates the solids causing the liquid to be turbid, and which 
Travis regards as colloids, are deposited on the plates ; as soon as this 
deposit attains a certain weight and thickness it slides off the plate to the 
bottom of the tank. According to Travis, these solids are no longer 
capable of active fermentation, and hence they remain in the tank without 
disturbing the process. The sewage tlien enters the second compartment 
of the hydrolytic tank, wliere the remaining solids are retained in the same 
manner. The principle upon which Travis' process is based is a rational 
one. The carrying out of the process in practice, however, has proved to 
be very expensive, and it is a question whether the increased work accom- 
plished by the apparatus, in separating undissolved solids, bears a proper 
ratio to the increased cost. 

Suspended Matter in Septic Tank Effluents. — The amount of sus- 
pended matter in the effluents from septic tanks appears to vary, as 
already stated, with the period of the year. At Leeds, for instance, the 
average amount in spring was 12*7 parts per 100,000, in summer 15*6, 
and in winter 21*3. At Huddersfield also the amount in winter was 
greater than in summer. These variations are probably due partly to 
the previously mentioned reactions taking place in the scum and partly 
to variations of wind and rain. Covered septic tanks are, of course, 
sheltered from the influence of the latter factors, and their influence in 
open septic tanks may be considerably diminished by the introduction of 
scum boards at short distances apart. The suspended matters in the 
effluent during the second and later years of working are usually higher 
than during the first year, and this is probably chiefly due to the accumu- 
lation of sludge in the septic tank. 

All these factors make it very difficult to form even an approximate 

estimate of the amount of sludge digested in septic tanks, even from the 

results of working on a large scale. It may, however, be stated that, as a 

, rule, one-third to one-fourth of the total suspended matter in the sewage 

reaching the septic tank leaves the tank with the effluent. 

An estimate of sludge digestion is also complicated by the fact that the 
sludge alters in character in the septic tank, becoming more concentrated. 
Fresh sludge usually contains about 90 per cent, of moisture, whilst sludge 
which has been in the tank some time may contain as little as 80 per cent. 
The dry residue in the latter case amounts to 20 per cent., as against 10 
per cent, in fresh sludge. Each cubic yard of septic concentrated sludge 
contains, therefore, as much solid matter as two cubic yards of fresh sludge. 
From the above it will be seen that 25 to 30 per cent, of the so-called 
sludge digestion has been shown to be due to sludge deposition, and a still 
larger percentage is accounted for by the more concentrated nature <it ^Vä 



92 



PRINCIPLES OP SEWAGE TREATMENT, 



sludge. The &rti*ct of such fftct^ as these hsiB been to make »oine authors 
BQ »ot^pticul tta Ut deny tho exitiUniuu of sludge digestion, ür to assign a 
very mnall value to it, i?.^. Dalergowsky ^ves 9 per cent. Siieh con- 
clusions arc, however, beyond the mark, and serve to show tlmt tbe 
pixjbleui eau liiirdly be solved by the results of operations uu a large 
scaH hi>t only liy i^ioiins of specially designed experirueuUs. 

Solubility of Oi game 
Sub&tancei. — The aiiLhor 
hiHA luvei^tigated the 
subject by suspending 
in äcptic tivnks a large 
number of solid orj^^auic 
substances, mwh a« cookeil 
vegetables, cabbages, 
turnip», [K>tatuc!S, peas, 
beans, bread, vanous 
forms of collulaso, flesh in 
the form of the dead 
bodies of auimak, skimitMJ 
and unskiniied, varitnis 
kinils of fat, lK>nes, car- 
tilage, etc., and iuiä shown 
that many of these sub- 
stau COB are almost com- 
plulüly drssolvetl in fn*m 
three to four weeks« 
TJu^y first presented a 
tivvollun apjx'apince, and 
increuäLtl in weight The 
turnips had hole« ou the 
surfaec, which gmduallj 
Iwcanie deeper. The 
edgw» of tho cabbige 
leaves looked m though 
they had been bitten, and 
similar signs of deconi- 
ponitiou were visible In 
the ease of tlie other suhstaiieos. Of the tekinned riuiuials, the skeleton 
alone reiiiaint.!d after a short time ; with the unskinued animalä the pi^icess 
lasted rather lougon At this stage I will only point out that the experi- 
ments were so simmged tfiat no jx^rtion of the substances could be wa&liod 
away ; their disap^jca ranee uaö therefore due to sfjlution and gasificÄtion. 
The result of auch a decomposition m shown in fig, 67* The skinned body 
of a guinea-pig waB allowed to remain lU a i^eptic tiink for three weeks, 
irAt^ii tht! vlctiu white bones, shown in tije photograph, alone remained. 
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Further experiments have been carried out by Favre at the Hamburg 
Institute with proteins, albuminoids, fats, carbohydrates, etc., and it was 
found that the protein substances and albuminoids are the most easily 
decomposed, whilst fats are the most resistant, decomposition only taking 
place on the surface into fatty acids and glycerol. Carbohydrates are 
readily decomposed in the septic tank ; cellulose also appears to be de- 
composed, but cork remains unaltered. 

During the solution process the quantity of dissolved organic matter 
in the surrounding liquid at first increases ; it is, however, very quickly 
further decomposed. The process takes place much quicker at first in a 
tank of twelve-hours* capacity than in one of two-hours' capacity, but very 
much quicker than in a septic tank in which the sewage is stagnant; 
hence, septic tanks should not be made too large, and they should 
contain no " dead " spaces, where the sewage may collect and become 
stagnant. The process takes place almost as quickly in fresh sewage as in 
septic. In pure water the above objects remained almost unattackcd 
during a period in which they completely disappeared in either fresh or 
septic sewage, provided that the sewage was renewed from time to time. 

In view of such observations, the opinion that the organic portion of 
the sediment in septic tanks is not decomposed, i.e. resolved either into a 
liquid or gaseous state, becomes untenable. 

Objects suspended in the sludge itself are decomposed almost as 
quickly as those suspended in the supernatant liquid. I have formed the 
impression that the forces causing the solution process are developed 
within the organic substances, i.e. within the turnips, potatoes, dead bodies, 
etc. The process seems to l>e favoured by not allowing the sludge in the 
septic tank to occupy a large proportion of the capacity. I am at present 
attempting to solve these and similar problems by carrying out specially 
designed experiments, a description of which would occupy too much space 
here. Without such experiments it is impossible to make much progress 
in the problem of sludge digestion. 

The reactions taking place during sludge digestion have hitherto been 
assumed to be due to the action of bacteria, but the assumption has been 
made without experimental foundation. Some years ago, as a result of 
preliminary experiments, I expressed the opinion that enzymes play a 
considerable part in these reactions. Further experiments have shown that 
diastatic and proteolytic enzymes occur in the contents of septic tanks in 
sufficient quantity to explain the liquefaction processes. The body of a 
guinea-pig, which had undergone decomposition in a septic tank, contained 
only proteolytic enzymes, but in considerable amount; a turnip, under 
similar conditions, contained diastatic enzymes ; in either case, therefore, 
just the enzymes which were specially able to liquefy the substance in 
question. Similar results were obtained in the cases of the other substances 
examined. The enzymes are washed out of the substinces in question, and 
are dispersed throughout the contents of the tank. Their nature axvd 
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amount vary with the cKaracier and stage of dcöompositlon of the sludge 
in the septic tank, f t ha^ also been ^hown that the oimynie& isolated from 
aeptic fcauks arc capsible of prrxiut'in^ decompoBitiou ^veti in the abaeiioe 
of bacteria> but not ü<> rapidly tis when I materia arc prohsent, 1 bt'Heve tliat 
further expkiuition of septic aütion is only to lie obtained from the result« 
of such experiments, and I hitve accordingly instituted a whole series with 
thit* object iu vit'w. 

A r/insHlendilc amount of organic matter eseapea in a gaseous fornix 
after decorii position in the septic tank, A few onbic centimetres of septic 
sbidgp, if placefl in a ye^Hcl filled with water, soon give rise to the 
production of litres of gjis. Septic tank ^'ases have been analysed by 
vuriouH oljserverB with very yaryinj^f resulUs, Methane has been found by 
some observers in quantities rather less tiian 20 per cent., by otbei^s up to 
HO iKT cent. ; hydrogen has lieen reported alisent by flome and present Ut 
the extent of 36 per cent, by othem ; carbon dioxide from J to 40 per cent. 
This simply servos to accentuate the fact that the methods of research as 
yet adopted uannol yield satisfactorj' results. The objects above named, 
if left to undergo septic rlecom position, yield at first gases which consist 
mainly of carbon dioxide and hydrogen, indicating that the carbohydrates 
are fiiiit decomposed. The simultJineonü formation of lactic, ae^tie, and 
formic acids gives an acid reaction which changes to alkaline as the 
formation of ammonia and other baaie decomposition products increaaea. 
Tlie formation of hydrogen next decretises, and nitrogen and methane are 
formed in larger fpiantities. The aliove nmst suffice at this stage us a 
possible explanation of the discrepant rüsnlts which have been obtained 
with regard to gas formation. 

The opinion has often been expressed that the main function of the 
septic tatik lie*i in the decomposition of cellulose. This opinion ako needs 
correction, as 1 intend to show later. Sedgwick rightly draws attention 
to the fact that the portion of wooden stakes just above tlie soil rots much 
more rtipidly than the liviried portion, 1 believe that the action of aerol>ic 
moulds in decomjioaing celhdose hau not received sufHciont attention. Our 
experiments on the action of enzymes have also a bearing on the decom- 
position of cellolose. They indicate that nature supplies the necessary 
bacteria just where they are required to docomiiose putreseible matter, 
and at the same time supplies enzymes which are cajjaVjie of ^ding the 
action of the bacteria. 

Removal of Slndge. — From the above we mnst not only conclude that 
the value of the sludge digestion phenomena should not l»e underestimated» 
but also that an explanation is offered why it is not necessary to allow 
sewage to remain iu Heptie tank« for forty-eight houfHor even longer, as wa»at 
first fiupposed, w^hon the action of Iwu^tcria alone was consideretl Under 
certain circumstances a short period, two to four hours, in the septic tank 
is sufficient to produce the same rcsult imti mneh longer period. Originally 
the English Ijocal ( «oveniment Ikiard required septic tank© bo be designed 
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for a flow equal to one and a half times the daily dry weather flow of 
sewage. Later, this requirement was altered to one and a quarter times 
the daily dry weather flow. 

Septic tanks must certainly be constructed so large that sudden strong 
currents are avoided in the tanks. Small works are especially liable to 
this danger, with the result that the sludge is stirred up. The surface 
of the sewage in the tanks should also never be allowed to sink below 
a certain level. A sinking of the water level reduces the pressure on the 
sediment, which contains large quantities of septic gases, with the result 
that large quantities of solids suddenly rise and are washed out of 
the tank. 

The sediment, which is partly solid, but chiefly of a slimy nature, is 
converted gradually by the processes which take place in the septic tank 
into a crumbly product, which does not possess the same affinity for water 
as fresh sludge. It is more easily drained ; and when allowed to stand, 
exposed to the air, it is quickly converted into an inoffensiye earthy 
substance, possessing an odour of garden mould. 

In large towns, where the question of sludge disposal is one of con- 
siderable difficulty and expense, it is only to be expected that the con- 
sequences of the above changes would admit of statistical expression. At 
Manchester, since the introduction of the septic process, upwards of 
100,000 tons less of sludge are annually conveyed to sea than during 
the period when chemical precipitation was in use. This means a con- 
siderable saving of expense. At Birmingham, since the adoption of septic 
treatment, the number of workmen, continually employed on sludge 
disposal, has been reduced from twenty-six to six, and the annual saving 
eifected by not using chemicals is about £4000 ; the sludge from the 
septic tanks can also be used for raising waste land, a use to which the 
sludge previously obtained could not be put. 

For small towns, institutions, and private houses, one great advantage 
of the septic tank lies in the fact that the sludge can be left in the tanks 
for months or even years and removed only according to agricultural 
requirements. The vicinity of such works can thus be free from obnoxious 
sludge tips. 

Open and Covered Septic Tanks. — The covering of septic tanks was 
supposed to be a guard against loss of heat, foul smells, and nuisances 
caused by insects, and, according to some authors, was necessary to ensure 
perfect anaerobic action. The utilisation of the septic tank gases was also 
intended, but has not been found economically possible. Perfect anaerobic 
action is also obtained in open septic tanks. In Great Britain and 
Germany no injurious cffi}ct has been traced to the loss of heat in open 
septic tanks, nor have nuisances been caused by odours or insects. In the 
immediate vicinity of dwelling-houses, covered septic tanks are to be 
preferred, but a covering of planks, with perhaps a little soil on the top, 
is generally sufficient. 
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Patbogeiuc Grfirms« — It i« getierally aü^uRierl tliat patliogenic ^erms 
are t?ither injnriouHlj iitfettKi or quickly de» troy od in wept it; tank«, but 
the e3£|>erimentM which we were able to perforin at Hamburg on this point 
fiid not convince \m of the correotnesia of this view. Even noii-resistiint 
üholom-likc vibritjs persisted for öevoml day» in the acptie tank* Septie 
action haSj however, an important bearing on the d est met ion of infectiovi» 
Tnaterial. The slimy subätances with wlrieh patho*j;enie bacteria are 
genemlly snrrounded are liquefied, and the gemis of infection arc thus 
eiipcfiad to the action of diainfeetanta. Thia matter will he referred to in 
tlie chapter on Dinftfeefmn. 

Scott-MoncriefF Tank. — For the sake of completeness, it sbonld hp 
mentioned tlmt in \^9\ St^ott- Moncrieff eonstnicted a 80H.^allefl cultivation 
tank at Ashteiuij and latc^r at other places ; hnt thia will Ite dealt with In 
Chapter Vlll. The whole arrangement is a septic tank filled with sttmcs, 
the «ewage ent-erin^^ at the l>ott^m and Iföxving at the top. The action of 
a cultivation tank is» lioth qualitatively and quantitathely^ the same aa 
that of a icptic tank. 

Sumtiiary. — Smnmarism^' what has been ssaid with regain 1 to the 
advantatres and dinadvanbigcs of septic treatment, nB compared with 
other prefiinittary prcjccasea, I have come to the following eoncbisions: — 

1. Septic treatment is not a complete sewage purification proc^sä, 
but only a preliminary treatment, at present adopted almmt 
exclusively for biological after-purification, and in ernes where 
diainfe(3tlon has to be ^sorted to. It btia, in a few cases, been 
adopted in coimcction with land treatment. 

2. It relieves the works used for tlie fimd purification (n) by retaining 
the suspended matters, at legist as eihciently as tiie sedimentation 
process, and almost i\s otticiently as chemical piTJcipitatioii pro- 
tjesses ; and {ft) by gasifying and mineralising about mit* third to 
onedialf of the dissolved organic matters coutidnod In the crude 
sewage. 

3. Tbc amount of org^inie matter in the abidge retained in the fjuik 
is coniiideral>ly diminished by the gasiHcation and liijuufftctJoD 
(«bidgo digestion) as well as by the eoncentration caused by the 
septic action, 

4. The sediment is converted by aeptie action into an almost inoffensive 
and easily drained substance. This has not been proved to be 
the case with the "biological plants for ffeoal matter" (see p. H^). 

5. The jK>3sibility of allowing the sludge to remain in the tanks for 
some months is a great advantage for some towns, institutions, 
and private houses, 

Un the other hand, septic treatment possesses the dif^id vantages that^ 

K The tank effluents arc always putrescent, aurl give rise to fonl smells 
hv the escape of gases when they are agitate*!. The most 
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important of these gases, sulphuretted hydrogen, may possibly 
be fixed before leaving the tank. 

2. The biological after-treatment is usually more difficult with septic 

tank effluent than with fresh sewage. 

3. The sulphuretted hydrogen formed in the tanks attacks the cement. 

It is stated that this may be avoided by a proper selection of the 
building material and by allowing the works to stand long enough 
before being brought into operation. 

4. The accumulation of putrefying substances should, on general sanitary 

grounds, be prevented as much as possible. This is especially 
the case in the neighl)ourhood of dwelling-houses. 

F. Precipitation. 

HistoricaL — Proposals to purify sewage by the addition of chemical 
precipitants were made over a hundred years ago. 

A patent was taken out in 1762 by de Boissieu for the purification of 
dirty water by a chemical process. Chemical methods, however, first 
assumed practical importance when the English authorities began to deal 
with the problems of town sewage and trade refuse, and no longer expressed 
themselves satisfied with the results produced by mismanaged sedimenta- 
tion tanks. About the same time the question of separating the manurial 
constituents of sewage by chemical precipitation, already referred to in 
Chapter TIT., came to the fore. Speculation in these processes became rife, 
and hundreds of chemical precipitation processes were patented. A list 
of the precipitants which have been recommended and adopted from time 
to time would occupy too much space here. Descriptions and references 
to the literature on the subject are to be found in the well-known work of 
J. König, Die Vemnreini^ping der Gewä8sei\ 

The hopes of financial gain, which were raised in connection with these 
chemical precipitation processes, have not in any way been realised. An 
inquiry, instituted in 1894, showed that, of 234 towns which had adopted 
chemical processes, 204 had incurred expenditure without realising any 
income whatever ; the remaining 30 had indeed obtained an income, but 
this was often only a few shillings which had been received for a few 
cartloads of sludge. In no case had a profit been realised. 

With regard to the purification produced, precipitation processes have 
again and again given rise to disappointment. The splendid results 
obtained in laboratory experiments and specially-constructed experimental 
works led the authorities of English towns to persevere with experiments. 
Salford has at different times tried thirteen different methods, Birmingham 
seven, and almost every large English town can boast of a similar experience. 
About twenty years ago, following the example of England, a few (German 
towns adopted chemical precipitation. In every case, however, the opinion 
of the English Commission, given in Chapter II., was confirmed, to the 
eflfect that chemical precipitation effected a satisfactory reiuov^V vi^ *Ccä 

1 
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HLiapended iiiatterai but ji elded a putrescible eitiueut» which de|>06itad solid 
tiiattcra in the be<i of the stream ; that the process was very expeii«ive, 
and produced much larger quaiitjtie« of sludge tlmii were yielded lij 
sedimeutjitioii. The sludge wa^s practically utusaleable, and thiin, Qwhig to 
its putrescent chanicter, the nipidly grtnviug uludj^etips were a menace to 
tlie iieighl»ourhüud. The shidge qtieatiou became a btigbear, which waa 
partially overcome by tlie mtroduction of »hidge presBcs, to which reference 
will \h3 mtwie lattT* Sludge presses were first uhied at Aylesbury* thou at 
MerttJij» and Wimbledon (1H84}^ and at the pretictit day they are to be 
found at altuotät every sewage works. The prcsnes convert the sludge into 
solid cjikea, which are at least tratmportalile, Hopes of iitdisiug the sludge 
with the aid of kludge presset^ have iiot* however, been rt»alisecL 

Partial Abandonment of Ghetnical Precipitation,— Almost tw enty years 
ago, when artificial biological methorls were first iutrodneed, those who 
had been trouhle<J for years with chemical precipitation began to breathe 
freely. They believed that the deatli knell of cbetuicid methods was 
l)eing tolle<i At that time it was hope<J that the artificial biological 
methods, to l>e described later^ would lie very much more economical than 
the chemical methiida. Such expetrUitlonN have not laten fultilk'<l ; hut, in 
spite of this, the use of chemicals has gradually been given up, ohiefly 
because the authorities ceased to Iw* satisfied with the resuitn produced, 
after it hati been shown tliat artificial biological processes yielded hotter 
elUuenls. 

As a complete methtxi of sewage disposal, chemiuid precl pi tuition is 
now only to be nu^t with in a few towns, and tliese are mostly engaged 
with schemes for replacing it by liiological processes. Such a ]>t^ition 
of aftain* justifies a very short description of the processes of chemical 
preeipitiition, and I have ch tjsen the processes at present in use at London^ 
ülas^w, and Leipsic, a^ ty^jical of those which may be considefüd feasible 
at the present day» 

Precipitation of London Sewage. — The London sewage, about 200 
million gallons daily, from a population of about four and a half luilHons, 
is conducted into nineteen tiinks, tfiirteen of which are sitnat-ed on the 
nortfi bank of the Thames at Bitrking and six at Crossness, on the southern 
side of the river, Their total capacity m about forty -four ruillion gallons, 
Üriginally they were worked intermittently, i.e. fillwl witli sewage to which 
the chemical precipitant« harl been added, allowed to stand full for a time, 
and then emptied. In 1891, however, it was shown that better results 
could bo produced by allowing the sewage to flow continuously through 
the tanks. The chendcal preeipit^nts in use are lime and eopperua, six 
parts of the former atid 1^4 jmi'ts of the latter being used at Barkitig j>er 
100,000 parts of sewage. The volnme of elodge which is deposited daily 
amoimts to al*oüt 8000 cvdiic yaivls, and this is pumped into sludge tanks, 
from which it is discharged into tank staimers, after the top water has 
been removed. Six tank steamers, each of a capacity of I'lOO cubic yards. 
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are continually engaged in carrying the sludge to sea, a distance of 40 to 
50 miles. The cost of transport of the sludge amounts to £50,000, and 
the cost of chemicals to £75,000 per annum. The total annual working 
cost is, roughly, £150, 000. This process succeeds in removing 75 per cent, 
of the suspended matter from London sewage. This has been suflficient to 
improve the condition of the Thames, which, about twenty years ago, was 
becoming a menace to the shipping trade, to such an extent that at 
present no pollution of the lower reaches of the river is visible, and care- 
ful investigations during recent years have not revealed any sludge 
deposits in the bed of the river. 

Precipitation at Glasgow. — Glasgow has at times hesitated whether 
to adopt biological or chemical treatment, but has finally decided in favour 
of the latter. The process is worked on the continuous principle, as in 
London. Lime and sulphate of alumina are used as precipitants, the 
quantities varying with the strength of the sewage. From published 
data, the amount of lime varies from 7*1 to 57*2 parts per 100,000 and 
the amount of sulphate of alumina from 3*6 to 28*6. The average cost 
of chemical treatment in Glasgow is 36 shillings per million gallons ; and 
the amount of sludge obtained, containing 90 per cent, of moisture or 
slightly more, is 50 cubic yards per million gallons of sewage. From the 
/ London sewage 40 cubic yards of sludge are obtained from a million 
\ gallons of sewage, or 16 cubic feet per head of population per annum. 
V^The cost of treatment in London is about 40 shillings per million gallons, 
quite as much as at Glasgow, where the sludge is not carried out to sea, 
but pressed after the addition of a further quantity of lime. A small 
proportion of the pressed sludge, about 1000 or 1500 tons annually, is 
sold at a price of 20 to 25 shillings per ton. 

Precipitatioii at Leipsic. — At Leipsic a salt of iron (a commercial 
basic sulphate) is used for precipitation, in amounts varying with the 
concentration of the sewage. On the average, 6*3 parts per 100,000 
are employed. The cost of treatment is about 82 shillings per million 
gallons, or ninepence per head of population per annum. The amount of 
sludge produced is only about 24 cubic yards per million gallons of 
sewage, but it must be borne in mind that all faecal matter does not reach 
the sewage works. The purification effected at Leipsic is higher than 
at either London or Glasgow. During 1904, Leipsic had to purify 4840 
million gallons of sewage at a total cost of £20,000, and experiments have 
been commenced with the object of seeing whether the same result cannot 
be attained as cheaply by means of biological methods. 

Precipitation Preliminary to Biological Purification. — In England, 
chemical precipitation is still being employed as a preliminary to biological 
purification. Bolton is using 9*8 parts of lime and 2*8 parts of iron alum ; 
Salford 17 parts of lime, 8*5 parts of copperas, and about 12 parts of iron 
alum per 100,000 of sewage. Leeds has lately had a scheme prepared, in 
which it is intended to adopt chemical precipitation previovvÄ \ß Vi\öVi«^^Äi^ 
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filtration. The increased cost of chemical precipitation, compared with sedi- 
mentation or septic treatment, has been calculated to be more than 
counterbalanced by the saving effected on the after-treatment by biological 
methods. The nuisances caused by foul smells from septic tank effluents 
are also avoided. These points will be further dealt with in the next 
chapter. 

Degener's lignite method is, strictly speaking, a precipitation pro- 
cess. It should also be classed with the methods by which it is attempted 
to attain a non-putrescible effluent, and hence will be dealt with in the 
next chapter. 

By chemical precipitation, under the most favourable conditions, it is 
only possible to remove from 20 to 30 per cent, of the dissolved organic 
matter from sewage. Under certain circumstances, as to the volume and 
rapidity of flow of the river, etc., such as exist in London, a purification of 
this character is sufficient, and new projects are designed, not with a 
view to obtaining a higher percentage of purification, but in order to 
effect a saving of expense. Under less favourable circumstances, in which 
a non-putrescible effluent must be produced, and where a sludging up of 
the river bed is to be feared from the deposition of solids from the 
effluent after its discharge into the river, chemical precipitation methods 
cannot be considered as satisfactory. 



CHAPTER VIII. 
METHODS FOB THE BEMOVAL OF PUTBESGIBILITY. 

A. Surface IrrigatioiL 

Historical. — Until about forty years ago, irrigation had only been adopted 
for the treatment of sewage in a few isolated instances. After the experts 
of the English Government had again and again unanimously characterised 
this process as the only satisfactory method of sewage treatment (see 
Chapter II.), the supervising authorities began to strongly urge its adop- 
tion. As an example of how this requirement was enforced, we may cite 
the case of the small town of Croydon, which is situated not far from 
London. At that time Croydon had rather less than 20,000 inhabitants ; 
but in consequence of a large increase in the incidence of febrile disease, 
the town had adopted the water-carriage system of sewerage, and was 
discharging the whole of its sewage into a small stream, the Wandle. 
Nuisances arose in consequence of this, and the town was being continually 
subjected to legal actions, upon which over £10,000 had to bo spent. 
Moreover, £25,000 had been spent in chemicals to deodorise the sewage, 
without, however, effectually abating the nuisances. The Court ordered 
the adoption of land treatment, but as soon as this was known the price of 
land rose enormously. In spite of this, however, persons were found 
willing to pay considerable sums for the town's sewage, and to enter into 
contracts for a period of years. All this happened at the time when Liebig, 
A. W. Hoffmann, and others were agitating so strongly in favour of irriga- 
tion, and had calculated the value of town sewage at no less than twelve 
or eighteen shillings per head per annum. It must be regarded as a 
consequence of this agitation that in 1876 no fewer than sixty-four English 
towns had adopted irrigation for the treatment of their sewage. 

Clays net Suitable for Irrigation.— It must not be supposed that 
irrigation was carried out in the same manner as is the case at the present 
day on German irrigation farms. If a (ierman town intends to adopt 
irrigation, it first appoints an expert to report whether suitable land is to 
be had within a reasonable distance of the town. In England, at that 
date and until within very recent times, the requirement for irrigation has 
been pressed, irrespective of where and how it could be carried out. \&»:ic^ 
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towns could only obtsiin clayey laud, auüli aa ia regartlfd in (leniiaDy as 
eutirely usöleas for irrigation purposes. The ame of Leicester will serve 
a« iin example of what occurred wtien towns were cotiipelled to use clayey 
soil for irrigatiou purpoaes. The country arouud Leicester m uuduJatuig, 
The sewage waB pumped into opco chaunols at the higliest point of the 
iriigatiou area^ tliere alfowt^ to overfiow, and, following the iueliuatiun of 
the laud, to spread over tbe surface. After each dosei the tipper clay soil 
became so thomuglily soaked that it was necessary to wait al>out three 
mouths hefore the land could he farmed. iUthougb it h gcnenvlly regarded 
as inadvisable tt^ dniin clayey lan<l, it wjis absolvUely necessary to lay 
shallow drains in the Leicester land. The drains discharged a putreacible 
etÜuciit, which Wivs collected in cross-channels and conveyed on to a second 
tield of grass laud. If tbe cflinont from the second held wfm »till putres- 
cible, it was distributed over a third seriea of plot«, from which, as a ride, 
a rion-putrescible effluent was discharged. This process, which is known 
m surface irrigation, appears to he niiich used in England, chiefly U^cauee 
the land in the neighbourhood of most of the towns is of a clayey nature, 
and not suitable for use in any other manner. 

Bj means of the above mcthcxl of irrigation, a satisfactory effluent can 
only be obtained by a series of auccessivc troiitnients, and this is only 
possible if a very large area of land is available. It has been estimated 
that in this manner the sewage of twenty-five pemous at most can he 
tr^ted on one acre of land. If we think of the city of Leeds, which, with 
its population of 470,000, is situated in a district where the land is of a 
clayey nature and also very expensive, we see at once that irrigation under 
sueh circumstances is impossible. 

In similar cases» c;/. at Draycott and Beverley, attempts have be<sn made 
to render the boü suitable by artificial means. The clay bos been dug out 
and replneed after being burnt, but good results have not In^en obtained in 
this manner. Other towns have mixed asbes or tijwn'a refuse with the 
clayey »oil, in order to render it more permeable. In a few eases, t.ff, at 
Eoeles, satisfactory results have l>een obtained by such means. 

Featy SoU Unsuitable.^Peaty soil is as imsuitable as clay for irriga- 
tion purposes. Nevertheless, certa.in English towns have been forced to 
oonstruct irrigatiou works on such land* The Eoyal Comniiasion on 
Sewage LHspostd, now sitting, has carried nut very thorough investigations, 
and has oome to the conclusion that peaty soil is entiroly imsui table for 
irrigation. 

Distribution of Sewage. — Tn Germany it is not customary to regard 
irrigation as a process in whicli sewage is allowed either to eva|iorate or to 
flow over the surface of land, km in the ttages of surface irrigation, above 
nientionefl. It is regardeil tmu*e as a filtration process, in which tbe 
sewage passes through the soil, and hence irrigation works in (Jcmiany 
have Ijeen constructed with this object in view* In England, »o far aa I 
I1MV& been able to gather frtim visits and from the evidenoe given before 
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the Hoyal CottHütagion, newafre is diHtribiited on the lantl in much the äame 
maiiTier aä has Iteen doscrilxMi for Leicester, Where the hiiid In Qiore level 
it \& necessary for a watenuan, after opening hydrants or inlet channels» to 
remove obsUicle^ out of the way of the sewage, ^o that it may be evenly 
distributed over the surftuce of the land and not allowed to collect in pools, 
OffieiaK who^e reputation as irrigation experts standi very high in England, 
have iufonned me that this method of dit$trJbii(ion is the moet rational. 
Mawbey of Leicestt*r eallw it ** the old orthodox method of irrigation.'' In 
Gemmnj the land is usually so prepared that the dktribntion of the 
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aewage is regnlated by simply opening sltiices, etc. The simplest method 
of distribution^ vvtiich is somewhat similar to the alxjve described primitive 
mothodj m that kui>wu tus ct>ntt>ur irrigation or ridge irrigation. Ou «loping 
ground, the sewage is fii*st brought to the highest point of the land and 
allowed to flow over a small plot of land. It is then enllected in a 
channel, frcuu whieh it is evenly distributed over the next lower plot. If 
the land is very* steep, it m necessaiy to eonstruet a larger number of 
banuela atid dams, in order to retain the sewage longer and to effect more 
|veii listribution. If the land is more nearly level, ridge irrigation is 
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ailoptod, an idea of which may he obtained from the iUuBtrations (tigs. 68, 
59, and TO), In such cattes the metluwl adopte<l, which is very similar 
to that at Leicesterj is as follows : The sewage from the sewer«, or better 
from settling taukSj antem a distributing channel (A), whieh commands 
the whole of the area, and U) whieh are connected at right angles fiimaller 
distributing chaiuiels (B). From tlie latter, which are bloeki^J at the 
lower endj the sewage percolates tli rough the soil, and, when they are fulln, 
overflows the surface of the [ilot^ and passen iutt> the lower ehairiiels {('). 
Themse collecting channels communica.te with a second distributing channel 
(D), from which the sewage passes along smaller distributing channels, as 
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before, and is irrigated over another series of plots (11.^ fijjj* 70), at a lower 
level. Thii efiitiüut fiom these plots may then again be cliHtrihuted over a 
third Beriet}, The single plots of land are i^'eiierally constructed not more 
than alxiut ten yards wida. Workö, snch m the above, are only specially 

suitable in ease« where the land 
is so low-lying that it eanuot be 
properly drained. 

Whenever |>ossible, in (ier- 
niany» and apparently aliso in 
France (Paris), irrigation is 
carried ont on the same principle 
a» in market gai*dening. The 
sewage ia not allowed to flow otF 
from the surface of the land, but 
Is compelled to filter through the soil. This method the Royal Com mission 
on Sewage disposal proposes to term land hltration, but it is not the 
same as Frankland's intennittent land filtration, which will be refeiTed 
to later. 

In this bed-irrigation the sewage in conveyed to the land along channels, 
as in fig, 69. The land, however, is not flooded, and the distributing 
channels are only partifiUy filled, so that the sewage can only enter the 
beds from the side and bcncjith the surface {fig» 71). In this manner the 
stems and leaves of the plants, which arc inknided for human consumption, 
do not come into contact with the sewage, the moistening and manuring 



FiQ. 70. — Hldgo «ad Furrow Irrigation. Pkn 



Fig, 71.— Bed Irrigütion* Crosä Sectioe* 

proceaaos being restricted to the rcHJts. The beds are usually constnicted 
about a yard wide and not rnore than twenty to forty yards long, otherwise 
an even distribution of the sewage can only be obtained with ditliculty. 
This process requires a large ntuuher of distributing cbaimols and also 
paths, in order to attend trj the bcdi*, so that there is a considerable loss of 
a%'ailablc area. 

Finally, we have the ao-ealled flood metbcKi, in which a piece of land, 
usually from five to twenty-five acres hi extent, is surrounded by earthen 
bank^ ami floodt^d with sewage to a depth of ten to twenty inches. This 
method is only used in isolated cases us a winter methixl» Beds, before 
being arranged for bed-irrigation, and liefore the crops are in, are usually 
flooded with sewage> Bed-irrigation can only be used ou level ground. 
Bloping groutid may, however, be tnmle available for this process by the 
construction of a series of terraces (fig, 72), 

In 1882, (Jenson ailopted a method of distributing sewage at Hohenschon- 
Imuocn, which had been recommended and a^loptcd some decades previously 
f'n En^}an6 (Fnlhfim)» but which had in the meantime been forgotteiL 
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Oerson did not attempt ftuy permanent iwlaptixtioii of the irri^^tiou area, 
Vmt divided the land as near as possibk into «*:pmi'e sectionn^ eadi about five 
to aiglit acrtia in area, nnd^ with a apectiil plough, aurrontidod them witEi 
fnrrowB half a yard deep. The soil thns removed wm used to surround 
the seetiona with banks half a yard high (ti^'. 73). The sewage was con- 
due U?d to the irrigation area hy meanu of a önbt<?rranean network of pipes, 
provided with valvea at diistances of every 2Ü0 yards. To thesn valve« 




Fig« 72, — Imgatioa on TerrnooSp Cro!i8 Soctium 

wet^ attached short »ectioiis of pipe, the aepanite portions of which were 
fixed together hy flexible conneütions and supported on fork-like Arrange- 
ments. Two persf>n» were rt^inircd to work the appiratus, and the swwage 
was di»tri bated either fri>m liole« in the pipes or by means of a ho«*e-pipe. 
This method of distribution was abandoned in England, chiefly because 
it only appeared to he applicable in winter and for a slmrt time in spring, 
if the en>pa were not to be drenched with the sewage. 
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Fm, 73, — Gi$riou*ii Sy^trui of Irrigation, PL ah. 



hi \^^1^ X. Wulsch again took uj» this method of distribution at 
Kduardsfelde, near PoMen. Therc% mid aUu at Magdeburg, the surface of 
the land received no preparation. Valves were provided at various jxjints, 
just as hi (ierson*ft procedure, and U\ theüe wert^ eouneete^l hose pipes with 
whieli the sewage wa^ä Hjtrcad on the land (Hg, 74). Wiilfieh provided fur 
the Munieipd Agricvdtural Com mit toe of Magdeburg an area of about 400 
ftcrea with Hubterrantiui iron pi[)e«. The land received no wpecial prepara- 
tion, but was irrigated with sewage in the above described niaiviv^it, ^^W 
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Be wage, under a press 01*6 of four atraosphcrtis, wim diüitiibuted by meaiia of 
three m(>%*able leogtht? of cast-irou piping ftbout three inches iu diaraeter 
jitid each 400 to Ö00 yarda long ; also by inemm of hot^e-pipea twenty 
jarda^ long and a Httle ovor two inchoa hi diamoter, provided with uozi'.lea 
a little o^er an incb 10 mze. The sewage was gpreiul on the land ^incb 
to ^-inch deep* The preparation of the land only cost (>4 shillings per 
aete, vvhorea« ft>r ordinary irrigation the cost was 440^hillings per acrv- 




V\<i. J4,— Wiila<*h*i System of Spray ijiji Sewage with Hoat'pip«, 

Although the co^t of the system of VVubsch was only one-seventh of the 
Uöual vrnt of irrigation, the revenue waa two to three times greater than is 
iiatially obtained, since the grass from the meadow« which had been 
watered hy meana of the hose-pipes whb in mueh greater demand. The 
director of the Mjigdehurg irrigatiiut fann lias stated, in a reiM>rt> that 
irrigjition by means of hose-pipes is the only iiossible M'aj of iucreiising the 
produce frotn the njcmlows, without destroying the natuml beauty of the 
district and without causing a nuisance to the pubUc visitnig the 
Herren k rug. 

Subsoil Irrigation,— Finally, the so-ciilled subsoil irrigation öhouM bo 
mentioned. So far jis is known, it was first used by Charpentier neur 
Bordeaux, lat-er l>y Henri ^foule in England, and tla*u, iu 1875, by (JoL 
Waring in Noith America, chietly for small works, buch as private huUHOB, 

prisons, hotels, etc., and in one case 
for a village. According to Weiring, 
who haa introduced techniciil im- 
prove men td into the method, the 
sewage must be freed iiä far as 
poHsible from suspended matter before enterirjg the undergi'ound dis- 
tributing drains. The latter eontiist of earthenware pi [tea ^ two t4) four 
inches in diameter, whicii, in sandy soil, are placed aliout a foot below the 
surface and in rows* a yard or two aiiart. The pipess he loosely in 
half-pipes, and at the Joints are loosely covered with haJf-pipe« {fig. 75), to 



Fl Ol 75, —Subsoil Iingatiatr, Froti^ut^ 
Dr'am* 
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prevent soil, roots, etc. from gettiug into thorn. The method haa 
great advantages in caseö where {esthetic reast>ii8 make it düsiralile to 
keep the sewage out of aight. The doubtt^ wliich arise in counciction 
with the allstem are entirely due trj the danger Qf the pipea becouimg 
blocked, a danger which would be very difficult to ooiitroh Waring 
itates that some time ago, Oldeott had constructed over seventy work» 
on this principle, and that they had all given every satiufaction* The 
cost for a private residence, under the expensive conditiooB prevailing in 
America, amounted to about X200. 

DrainEge. — In Germany only a few, and these Bmall, irrigation farms are 
to be found wiiiuh arc not artiticially dniined. Jn Englantl, according U» the 
eviderice given before the Royal ConmxissioUj drahiage does not aeeui to be 
regarded! as an absolute ueoessity for irrigation purpOHea* Varioim expert« 
have indeed sbited that drainage had proved Uy Im harniftil, but their 
remarks must certainly have been intended to apply only to land of a 
clayey nature. Often the holes which had to be dug in order to lay the 
drain pipes have l>een filled in witti broken pieces of pipe or other similar 
large material, or even with gnivel. This often allowed the sewage to find 
its way, not through the clayey soil, but direct int^r the drains without 
undergoing any purification. The sewage found its w&y direct bto the 
underdrains all the easier Ijecatise the distributing channels were also often 
placeti directly over the undenlrains instead of being platted at some 
distance. Ju winter, clayey soil often cracks to such depths that the 
sewage can reach the under drains un purified. To Gemiany, permeable 
sandy soil m alone geoe rally regarded as tiuital>le fur irrigation purposes, 
and in such eases artificial drainage of the land is advantagex>us, and 
especially so if the land is not natunüly well-tlrained. 

The alwve fleseribed method of l)ed -irrigation is, so far as I am aware, 
only carried out on artificially drained latid. If the land is not at all or 
improperly drained, danger is to be feared in two directions. In the first 
place, no gtiarantee is providc^l that the sewage can |)ercolate <iuickJy 
enough through the soil It may fill the pores of the soil, with the result 
that the oxygen in the air cannot enter. The organic matter in the sewage 
m then not oxidised or mineralised, and the cfiluent passes away in a 
putrc^cible aliite* The second dauger, which m not only theoretically 
possible, but which has iilreatly been the cause of serious consetiuences, 
lies in the fact that the elEuent cannot reach the stream into which it is 
intended to Ijc dischargeth It sinks into the ground until it reaches 
imperme^ibie strata, along which it Eows and finally eolleetSj it may be 
at some considerable distance from the irrigation plots, causing land to l>e 
waterlogged. If the waterlogged land happens to la* in a town, the 
flistrict may Ik* rendered alniost or quit« invmhabitaible. The daniage 
thus caused may be very considerable ; and hence, before constructing 
irrigfttiou works, it is necessary to institute very thorongh investigations 
to acu if a proper disclmrge of the eföuunt can be eJfceted. 
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Dminage b usually earned out m tbe siime niantior m for agricultuml 
intrpjscs. The esampk* of Svvedeu has l^een usually followed. Uuglaised 
eartheuware pipua^ about two to three iuchea hi diameter and about a foot 
lougj arc laid hi the land about a yard or two below tbc surface, in 

rows eiijfht to ten yards apart^ the 
ends of the pipes bciug simply 
placed loosely together. The iu- 
eli nation of the pipes is alx>ut 1 ill 
200. Those so-calkxl suction i1 rains 
are UBually connected to collecting 
dniitiSj üOQstriict'ed, as a rule, of 
^rhiJf.ed earthenware pipes not less 
than about two inuhes in diameter 
and well jointed togethor- 

The arran^'eroent of the drains 
depends upon the formation of the 
laud. Three types of drainage are 
usually recognised ; HrMt^ the socalkd lotjgitndinal drainage (ügt 7(5), 
in whicli the eviction drains (a) are laid in the direction of greatest 
»lope ; secondly^ cross drainage, which is said to 1x^ more expensive, but 
more effectivej and in which the suction drains are laid panillel to one 
another, but aerosH the direction of flow of the stilisoil water ; and thirdly, 
diagonal drainage, in _ 
which the dimctton of ^ 



Flo, 70*— Lonjtiitndinal Dmiijft|/e* Plan, 



the suction drains is 
inclined to tliat of the 
collecting drains, giving 
a herring-bone forma- 
tion (Hg. 77). 

Cost of Irngation, 
— According to locid 
conditions, the eijst of 
draiuf^e varies fnjui 
about M to ^30 per 
acre. Irrigation works, 
jis may be judged from 
what has been said, are 
indeed very variable as y> j*, 

reganls cost. The total 
cost of preparing the land of the Berlin and Breslau farms amounted 
to almot £40, and for Frt.'ibnrg to alK>ui .£80 per acre. The (|uestion 
of eufit i« more aflected hy the iK>sition of the larnL In the neighliour- 
hood of large towns the piircliase price of the land is often very 
high. Berlin paid, on an average, =£42 per acre, Breslau £30 to £$2, 
iuid Freiburg £1G per acre. The acquired land generally iiicrc^isies lo 
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value with tlie lapse of time : an<l hence, m calcuktitig the total coat of 
thu works, it «hinild not he iieceswarv ü> ])rovi^ie a üinkiog ftiiid tor the hiuci 
Such u fund shfiuld, however, l>e pmvided for all work» whioh are neue^isjiry 
to oonvcj the sewage on to the land. If «ewagc has to he conveyed a 
€Ons)derahle diistance before reaching the land, and it b intended to retich 
the land by gnivitation, very large sewers are often neee»«ary, and these 
may Iw üo espenaive an to coat very little less than pnmpmtif. All fiut^h 
t'oat«, UigetlicM' with interest and depreciation, nmst Iw? takf*n into acconiit 
in cninparinii the cf>Ht of irrigation with that i>f other methods. In wome 
easeü it h necessary to convey the sewage for mileü ; in Herlin, for eifauiple^ 
over twelve miles, in order to reach the sewage works. In other oa>ie>* the 
works «U15' be eüostnicted close to the town, and the cost of conveying 
the sewage will be nutundlj miicl» less. It is appjirent that a com- 
pariäoti, without taking into account all these facts^ is not juatihaVjlc, 
yet auch cotnparisi^ns are frapiently to be found among pultlished 
reoord». 

Utilifiation of Sewage aß Manure. — ^ Attempts are often mode to cover 
the expcns^ei^ incurred in bhi« manner by sowing crop« on the irrigation 
areas. Irrigation is the only methrwl of sewage ttoatment by which an 
in(^rae may \>e obtain c^Ji. In tlii» methc^d attempt« are timde to utilise 
the mannrial value of the constituents of the sewage ; in all others, witli 
the exception of methfnls of gre4ise recoverif' and similar proecsses, which 
have ii& yet not been siicceasfvil in obtaining an income sufficient to Ijc 
reckoned with in dealing with the total coat of treating domestic sewage, 
the manurijd conatitucnt« are sought bo be destroyed. The manuriiil value 
of sewage W!is formerly calculated at eight shillings^ or even a« high as 
eighteen abilling«, per head of ijopiilation per annnm. Relying on these 
CÄleulationB, private individuals undertook to pay considerable sums for 
domestic sewiige. William Hope, for example, nndertook, in 1H64, to pay 
about £600 per annum for the sewage of OOOO to 7000 i^ersonn. Ho even 
considered buying the sewage of all London. In 1 S^H the It<mni of Health 
of ('roydon actually let the sewage of Norwood for nearly four shillings per 
heat! per annum. In 1B69 Aird declared his wiUingness to hear all the 
ooat of conveying and preparation of land for treatment of the Danssig 
eewmge in return for the free nse of the same. 

More recently the value of domestic sewage as a manure has been 
nauailj estimated at four to five shillings per head per annum. Hence, 
by a mtional use of ita domestic sewage, a town of 100,000 inhabitants 
might reivsonalily car pect an income of nearly £25,000 per annum from its 
sewage. Even without taking into account the preparation of the land 1 
and the cost of conveying the sewage^ but simply considering the working! 
costs, euoh incou^es have nowhere been ohtitinetl. No ca.sc is known which! 
shows a profit from irrigation, wSien subjecterl to a strictly commercial J 
iuvestigation. Besides lieing due to the high cost of preparatory work on 
the land, the coat of conveying the sewage to the lanfl and the wurkinv; 
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üfMts^ Ihb state of iiffaii-s is also due to the fact that tlie cmpti on one acre 
of land, even when grown on the moat scientific principles an^l under most 
favourable eouditious of soil, are only able to absorb the nitrof^en from the 
sewage of twentj-Gve to thirty pergoni*, the phtmphorio aoid from forty 
personii, and the potaah from about eighty persons. Even if the land 
could be floflcd with sewajj;e regularly every day, a very large area would 
be t^eipiiredi and tfiis would nu^an a treiueudouo expense to fully utilii**.' the 
mamirial confttitiient« of the aewaiije. The crops, however, will not always 
\HMit irrigation, the proeeas having to bo stopped at eertain Heasons, 
Auiongnt iigneultural chemists, opiniouH upon the important qneatiouH in 
this connection are very varied, A well-known tremian agrioiiltural 
ehemiat has deehirerl that irrigation areas should be sown with grass, 
because thi^ will take the sewage even m winter ; on the other hand| a 
well-known irrigation eqwrt, whose practical re^ti!ts in this direction arc 
everj-where rccf^nised, tells me that grassi ^h^fuld not be do«ed with sewage 
in winter, for fear of injuring the roots, English irrigation eiperla seem 
to hold the hitt-er view. From visits to English irrigation farms, I have 
gilined the impression that grass and root crops {tumipM, nmngolds) are 
usually grown. On inquiring how this comes about, 1 have l>een informed 
that grass pays beat, but tliat grass cannot be d4>sed in winter. Hence, 
besides grass, root ci-ops are grown, because they only require the land for 
a few months, and it is allowed to lie fallow for the reat of th© year, 
especially in winter, and in this condition will take nmch larger quantities 
of Hewage. Also; whilst the root crops are growing, they will t^ko much 
more sewage than grass, 

Bosidcs the aljovo-named crops, various others are jnentioned in the 
literature on the subject as being suitable for ?iewago famis. Willows are 
specially mentioned ; these are said to grow luxuriantly, but^ on account of 
the salts contained in the sewage, l>ecome brittle. Com crops are re- 
couunende<l by öome authors, and considered entirely uusuitable by others. 
Similar remarks apply to potatoes, celery, and aimflowers. At Freiburg, 
where the sewage farm may be regarded iis a pattern of what sewage farms 
should be, a quarter of the land is plante«! with grass, a quarter with early 
corn crops, a. quarter witl» turnips, maize, etc., and a *inarter with late corn 
crops. It is not too much to say that such a farn> must be under e^cpert 
nmnagement, failing which it is far better, iNith from an econoniieal and 
sanitary point of view, to grow crops on the simple prineiple which has 
been described u.h typical of English sewage farms. 

Opposition of Economic and Sanitary Interests. — Insepambly con- 
nected with sewage irrigation is the fact that the economic and sanitary 
interests involved are diametrically op|x»sed to one another. If the 
economic side of the question is to receive full justice, an agricultural 
chemical expert will lie appointed to manage the farm, and he will be loath 
to apply sewage to the crops when they do not need it, for fear of spoiling 
ihe hurvesL The sewage will therefore be allowed to escape untreated 
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throujjfh the nearest 8torm overflow into the streani. If the «aniUiry side 
of the question is to receive proper iittentionj as is theoretically everywhtiro 
the case, but pnicticiiUj only in h few instanced, the manager will be 
selected aeoordingly. He will regard it as his al>solute duty to discharge 
the sewage to the stream only after it has been properly puriüed. There 
ar© undoubtedly eminent men who know how to combine these duties 
and to do justice to both economic and sanitary interef^ta. Such 
men will be more cüttUy found the larger tlic farm which they 
bave to manage. For small work», however^ it is more diftieult, and 
in sueh cases the works mi^ht well be phiced mider the suiiervision of 
an expert. 

It is an undoubte^l fact that lietter cropa are prfxliiced from sewage- 
irrigated land than from other land. Aboot fifty years ago some \otj 
interesting experiments in tili« direction were carriefl out at Rugliy, where 
an area tif twenty acrea was divided into four ph>ts. One quarter was not 
i Irrigated, the other three quarters were tre^itetl with various quantities^ of 
Hcwagei with the result that o^nsidentbly better yieldn were obtained frt>m 
the irrigated land. Since that date many scientifically highly Interesting 
comparative eiperimenta of a airailar kind have been carried out, liut it 
would lead us too fjir to discuss the results of theae experiments in detail. 
It may, however, be mentioned that the cost of raiHing crops on sewage- 
irrigated land is considerably higher than when newage is not used, and 
that the increased yield in the former oaae Ik lai'gely counterlmlancad by 
the increased cost. In Berlin, for example, one attendant is employed to 
irrigate each 75 acrea^ and a foreman for each fifteen attendants. In 
Freiburg one person hi\s to attend to 250 acres, and in Breslau u» 
nearly 500 acres. 

LfOcal conditions and the methmls of cultivation exert a eonaideralde 
influence on this problem. Some portions of the land will only tjike a doste 
of sewage about once a fortnight or even more seldom, whilst other 
portions cim be dosed much oftener. At the above-mentioned places the 
works are carefuJly managed ; and yet in one case three times as many and 
in another c^ise six times as many workmen are employed as in a third 
cAse to attend to the same area. Nmneroua works are^ however, s/idly 
neglected, with the result that they present an appearance such as is 
shown in tig. 78. An otüeial of one of the English supervising authorities 
stated in evidence before the Royal Commission that photographs of sewage 
farms which be bad taken had been repeatedly regarrled m seascape»* 
Such conditions are generally not entirely due to mismanagement, but are 
conneetetl with the fact that the population has conBiderid>ly increased, 
while the sewage works have not been enlarged or have been incapable of 
being enlarged. This factor of population may assume, under certain 
circumstances, considerable dimensions. The city of Birmingham, for 
example, is growing m rapidly that it would be neoessary to increase the 
area under sewage irrigation by one acre per week* Such es; tension vi* \5tsA. 




f 12 



PRINCIPLES OF SEWAGE TREATMENT. 



passible, ou Acooiint of local eoiiditiona, and heace Biniiinghatn ba« reeentlf 
buen cotnpelled to adtipt aoother method of eewAge pariBeatiou. 
N'iigl<Hilcd or ovcrworkeci Iniid cannot, of L^ounse, yield ssktmhketory 
etHiients, 

Oapaidty of Irrigatioii Fftrmi.— Uenemlly up<Mkmg, l&iid ürrigation is 
atJil re|£arde<l tm the best »nd mt&&t tiiethotl of purifying tewagn. Ill 
fnirourof thie opiitiou it has lioeii arjrned that th*? f^nl anly allows a oertain 
vohime of aewa^rc to perüolatis no tiait overworking h at unce sbowii bj 
the avwag« remaining on the land and tiot by the esoape of nupurilkd 
wffwmgB. Tliia argument, however, Icno« sight of the fact that when the 
land itt eoverert with »ewage for a period the escaping effluent b iitisata»- 
factory. Ag «oon m the oxygen^ which lim lieen ooUeeted in the soil^ hm 
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horn iMod up, and the alisarptive powers of the loil have beeti exhaufited, 
lh«t sewage begtiiH to flow away in a putre^ible eondition. It is tnie^ 
however, tliat when the sewage ia pondefl nn the land, the »npervisiiig 
authorities know that the works are not in »nler» and eonclumons may \m 
drawn from such ponding j\s to the inefHeient state of the works. If there 
^ no ponding, the inspector »hould otHivinoe biniself tliat gtc^m water 
overtiowftdo not eijut, through which the «seeat sewage is discharged ta 
tile sö^eani without being treated on the land. It b genendly admitted 
tliat Biich a «täte of affairs is far from uni-ommon. At one place I eon- 
Tinot^d myself th&i vertical drains^ reaching up to tiie iurface of tlie land, 
were placed for no other purpose than to taike the sewage which would not 
pan through the aoU. The attendant innocetitly infomied n^e that thia 
. was th« caac Thk action made an iniprBssion on me which Witö all the 
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deeper becitys<:^ the reaults obtained at this place were being vmed as a \m&m 
ID atipport of eerUiiii viewi^ on the r(iiHntitative ciA|wicity of soil to dei\] with 
isewage. Even jipurt fmiii nnch intt'utioiial decL^ptiou, it is very difhcult to 
form a coiTeut estimate of the captcit}' uf irri^fiitirm farms. It Uuja already 
heen pointed out timt, so far as the utiliaatioii of the nitrogen is oi>u<jeinedj 
even under the most favoiiral^le circumstanceä, the sewage of not more than 
twenty-five to tliirty persona should be treated on one acre of land. A« a 
rule, sewage farma are worked at a mueh higher rate than this, aeldom at 
a rate less than lf)0 to 250 pei^sons t^ the acre. On the lai^est sewage 
famijj of frerrnaiiy, the rat« varies from alwiit 80 to 200 persons to the 
acre (Berliu 105, Breslau 187, Brunswick 88, and Steglitz 185). Until 
within very recent times the view has been held by agricultural chemiata 
that if the land 144 worked at a rate in exce^B of the al>ijorptive capacity of 
the crop» the sewage will escape unpnrifiefL Thb widespread idea arises 
from a confusion of the question of rational utilisation of the raanurial 
constituents of aowagc on the one hand, and the qiietition of purification on 
the other hand« In the next ieetion we shall see that land is able to 
eftieiently purify sewage when it is not planted with crops. Hence a 
comparison could only Ije made with respect to the question as to whether 
a larger amount of man u rial substances, such as nitric acid, is discharge*! 
when the farm is worked at a rate in excess of the power» of absorption of 
the crop». Theoretically the answer to this question is in the affirmative ; 
hui practically it h very difhcnlt to decide, liecaiiso of the difficulty in 
ascertaining whether the total volume of the sewage placo^l on the land is 
discharged, whether tlie effluent is mixed with subsoil or rain water, how 
much of the sewage is evjqKjrated, and whether the samples of effluent 
correspond to the samples of sewage Uiken. The influence of such factors 
can scarcely W estimated with any degree of accnra^sy, Basidea this, very 
few «cientitically plannetl e\i>erijnentÄ have been carried out with »ewag® 
irrigation as compared with other methods, notably ioterruitteut filtration 
and artiücial biological methods. 

The capacity of a sewage farm is determined by, first, the nature of the 
land ; secouilly, the manner in which the hind is prepared for irrigjition ; 
thinlly, the climatic couditions : and, fourthly, the character of the 
sewage. 

In rery dry climates a considcrabk» quantity of the sewage cvapomtee, 
and the volume nf tlie fiewage m not liable to su<lden IncrcitHc hy reason of 
rainfall. The ^twago can thus be brought on t4> a dry soil, which rs very 
absorbent. This \n not the case in Germiuiy and Efigland. The majority 
of the tcjwns are sewered on tlie combined system ; and thus on wet days 
the volume of sewi\gc, with which the farm is eijwcted to deal, is con- 
sidembly increase. In England the authorities generally require the 
sewage to be treated un the land until a si^tfold dilntion is attained, ttiat 
is, &ix times the dry wcatlier flow mu»t be treatixl on the land. On wet 
days the knd is already so«iked, iiml ou that acoonut is not able to deal 
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with WA oiucU HO wage a& on dry dayE. ^Vith sandy soil tliin effect h uot so 
greftt as with clayey mnh 

In h\rge towns the ohanictor of tlio Btnvago is uKtiidly not so altereti by 
the presence of trade refitBe^ even in l^irge f|nantitie«| a» to render the 
purification of the sewage hy irrigation impnaBiblc (see Chapter V). 
Hence the main factor in inflnenemg the eharaeter of the sewage m 
the water consnioption which, in almost all large town«, reaches 22 
gal lot js per head per day, and nsually exeeeds this figure by a not in- 
enn«iderable amonnt. 

The relatively large amount of gälte present in sewage ha« an nn- 
favonmble influence on the crops. It ha« already l>een mentioned that 
willows ha\'e been rendered brittle from this canae^ f.//» at Breslau, where 
the chlorine iu the sewage is said to be 13'7 parts per 100,000, a figure 
which is less than those of Berlin (16'7), Birmingham (21 -8), Hamburg 
(23-8 at present), or WieslNwlen (35-0). 

The imdiHsolved solids in sewage exert a eonBiderable influence upon 
the cjipaeity of irrigation farms, Üre^use is sj^>eeialJy injtirious, Schreiber 
has made some very valuable investigations on this subject at the lierlin 
sewage farms. He citimatcs the amount of grease in Berlin sewage as 
equivalent to 20 grammes per bead per day» or for the whole of Berlin at 
13,000 tons per annum. From these fignres he calculates that each square 
yard of the land at the sewage farms receives aliont 0-5 gramme of grBase 
per amiunu The mud, which collects on the surface of the land, contait>ed, 
aecording to Schreiber» 16 per cent of grease and 0*1 i>er cent, is mid to 
be sufficient to render even sandy si>il impermeable* Hence the necessity 
is apimrent of keeping the grease ofl'the irrigation areas (see Chapter VIL, 
C). Besides grease, other substances, such as finely feltetl fibrous nmteriab 
render the soil impermeable, iäo that neither water nor atmtwipheric oxygen 
can enter, and thus the growth of the cn>ps is interfered with* For these 
reasons, and also in onler to increase the capacity of sewage farms which 
cannot be extended so as to keep pace with Increasing population^ it has 
been found necessary to remove stispondi-d matters fn>m sewage before 
distributing it on the land* At Dortmund the sewage is passed thnuigh 
the deep tanks remaining frt»m earlier operjitious (see Chapter VIK, D) 
before it reaches the laud. In other iicnnan towns, so far us I am aware, 
little is done with the sewage as a preliminary to irrigation. In England, 
on the other hand, various towns submit the sewage to a jjrelimi nary septic 
treatment (Bii*niingham), others to chemical precipitation with lime, copperaa, 
or snlphat-e of alumina. Most English Umim are, however, like Binninghani 
abandoning chemicjil precipitation and adopting either septic treiitment or 
artificial biological methtxls as preliminary to irrigation. Tatton, wbo»e 
position as Chief Inspector of the Mersey and Irwell .loiut Committee gave 
him exceptional opportunities of j ndglng, estimated the value of this pre- 
limiuarj^ treatment very highly. On the most suitable soil Tatton estimates 
^hat the sewage of 100 pernons can be dealt with [w^r aci'e, but in ooo* 
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jiinction witli cliinnicAl pfcci pi tuition tlie nmnher wotikl be r>00, and in 
ounjunt^tuin with Jirtifit^ml l>iokigicjü tn^atuient Iia eatiniiitt^a tliat tlic sewi^go 
of 1000 pur«oits iMiiki Jw dealt with on one aci*e af laud* Ihi clayey soil 
he cciimidei^ it poasibl*? to deal with the stowage of TiO pi^rHuiia |jor licra 
without prL^iiiiiinary treatiiient^ with that of lOO porsous after chemical 
precipitation* and with that of 300 persons after artificial biological 
treatnrent, 

I ain coavinced that the SG|>aratioo as completely aa poB&ible of all 
siiHiiendotl matters^ eBpecLally of the grease, fihoidd lie rGcoinniemltKl for all 
largo 8cwage farms. Ev^n in very small workt*, «iieh a« tlume of conutry 
rpäidencea, where it is not deaimhle U) be eontinufilly removing the »liidge, 
aüd for wlrich, therefore» Hcdimentntitm or chettiifjil prcüipitntion ia nn- 
atiitaljle, it will be adviBable to adopt a preliniinary spptio treatment m 
soon m tieptlc tanks ean l)e so constructed atid operated a^ not to |^ve rise 
to any rmiHanee. 

Kven without the previoos removal of simpendcKl matter, some sewage 
farmti have lieeti in apenition for a long time (ace Hhapter 1 1 L). Of the eight 
beat English farms in operation at the present rjaj, five have been in use 
for over thirty years without showing deterioration. Kvery farm, even the 
best) will at times get into such a condition that the ^oil is impermeable to 
water and air, owing to overworking — the surface of the soil boc^Hnes slimy 
aod the |K*reH arc stopped up, with the residt that the sewage in not 
sufficiently pnrified nor cau the crt>ps grow properly. In such eases the 
land i» said to be "sew^ige sick.*' Its conditiou may Ix* improvetl by 
plougluEig and allowing it to lie faJloM' for a time. 

It nuiat, however, not be forgotten that the docomposition of the 
organic matters in sewage gives rise to a very stable, almast vmdecompos* 
able sulistance, hvunus, which surrounds the fjarticles of the soil and stop® 
the poroa» This action is far greater in intermittent hltration than in 
irrigation, since in the latter case lei*8 acwage is placed on the land, and the 
»urface is often er looacued and renewed by ploughing and harrowing and by 
being allowed to lie fallow. 

It will liave Wen luited that the results of irrigation, from a sanitary 
point of view, are influenced by many factorSi some of which it m auposs-iblc 
to control, and yet, in spite of this, irri^^atiou is still regarded as the best 
uiethtMl of sewage purification. Its applieatiun as a methi«! of raising 
crops is only possible, generally speaking, at the eitpenae of the ]>nrifitnaion. 
It lias, bowcvor, been irenerjilly recognised that profits caimot be obü*ined 
from sewage irrigatinn* CVmtrary opinions, wljich are held by imaginative 
individuals, but not supported by actual ol*aervatiuns, are continually crop* 
ping up and being urged with the anlour of proplicts. They may, however, 
reasonably be neglected here* 

Samtary Besitlts* — Frtim the tmnitary standpoint-, then, irrigation sttll 
enjoys the preniicr reputatiou* As regards the danger to heaUh of the 
neighlK>urhi>od, which is theoretically possible, epidemiological ob«ervatvwA 
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have not given any practk'iil eutiae for fear. The attack in this direction, 
wtji^^h Wttii njiuic on the IterHii aewiige fäirmn in 1893, did ii*»t injure their 
ro|jtiUitiiin in any way. SUittsticti havuhoen prochieod from wlüffli it might 
be inferi'üd that sewage farms are auittihlc m reaort« for invalids. Leaving 
sueh exaggerationB fiaide, it may be stated, taking into accouüt all the ai- 
perience which hm been gained, that the health of those einpbyed oh 
sewage farms and in their neigblwnrliood is not endangered by the presence 
of the sewage farms. I consider it unquestionable that, through careleas- 
nesM in drinking drain waterj etc., intestinal diabases may l>c and have been 
C4iufted* It iii also not to be deiiieil that, under «peelally unfavoumble 
weather conditions, sewage works may give rise to objeetionabla smells. 
Maelean Wilson, the Chief Inspector of the Wetit Riding of Yorkshire 
Rivers Board, considers it posBible that these odours may lie tlio cause of 
indisposition to persons in delicate liealth, but he considers that they may 
bo geuemlly avoided by surrounding the sewage works with bushes. The 
plantitjg of buuhes is not only an esthetic precaution, Imt also serves to 
lessen the depreeiation of proj>erty in the neighbourhood of the we wage 
works. 

The question of how the purifying action of land upon the sewage is 
to be explained is an important one. It lias already been mentione<l that 
the rejnttation of sewage farms rests upon tlie assumption that tlie sail 
will not tAke more sewage than it can deal with. The weakr teases of this 
assumption have aln^iidy lieen demonstrated. The ehii'f weakness js that 
the sewage wliich will not jmlss through the soil isdischurged witliont furt.her 
treatment. In this wnj a eonditiou of aflain* m productid which is decidedly 
worse than is tJie ease wit!» artificial sewage puritieatiou works, wliich are 
generally so <*ons true ted that it m imp^jssiblo to dischai^e nupurified 
sewage to the streaui except tbraugh stonu overflows. The chief advantage 
over otlier purification nietJuKhi, which is aseribud to land treatment, viz,, 
the removal of pjithogenic gemis from the sewage, lot^es its importance 
when we consider the irregularities in operating sewage farms and the 
alxjve mentioned practice of ditw'harging uiitreatefl sewage. It is, however, 
an tiridoulito<i fact that under favourable lü<?al conditions, and with can^ful 
nianagementj the baetiTial content of the sewage is considerably redne4?d 
by land trimttncnt. The thorough investigations of Schottelins and his 
pupils have sl^own that tiie number of bacteria in the Freiburg sewage is 
reduced fmm 790,600 t*> 670i) [jer cubic centimetre, &>, on an average 
l)y 99*2 jier cent. The careful investigations of lleekiirt« and Blasiuis 
at Brunswick tiave shown that there the number m reduced fnviu 
nearly two million« to 5500 fjer cubic centimetrej i.e. by 99-T per 
cent. Similar results are reported from Paris. An examination of 
the sewage of Berlin (Sputendorf) by Salkowski yiekled 12| million 
developable bacteria per cubic centimetre ; the effluent from the sewage 
fann onl^' eonUtineil <ir>70 jst cubic centimetre, ctjuivalent to a reduc* 
tion of 99 'B per ceutt 



METHODS FOR THß REMOVAL OF Ft 



ThüMü iuvestigntiona do not, of eoiirec, take into account the sewage 
which eäcapes untreated^ nor tJie düiitiou of the eifiuetit with aiibsoil water, 
etc The J ahow^ ne\erthele8s, that a large proportioti of tlie sewage 
bacteria are retained by tlie land, and thua kept out of the rivers ; and 
thotäe who have le^inied thiit in practice perfection is never or hanlly ever 
attaiued will no more csonsider this action aä tiseleaa ou account of it» 
imperfection than they do the action of drinking vvater filtersi^ which are 
known not to return all the hacteria of river water. In the otlier direction 
it ahonld never Ik; forgfjtten that the Ijest efflnenttj from a sewage farm are 
never suitable for drinking pnrposea. Even though the nxnnber of bacteria 
in sewage is very considerably reduced by el^cient land treatment, the 
etHuents still retain the bacteriological character of the sewage. Thia m 
evident from my own ol^ervations, as weD as from those of Houaton, 
undertaken for the lioyal Commission on Sewage Üii^posaK Even the 
befit efftnent« from sewage farms eon tain coli baoilli in considerable 
numbers, and it must therefore be assumed that pathogenic gerniM, such / 
afi typhoid Ijacilli, can pass through the soil and reach the streams | 
nninjnrod. 

Physical and Chemical Results.— Also from the physical and chemical 
atHndptjint tJio action of iiTigatioii farms seems to me at tlie present time 
to he fioniewbat eiaggCTated. 1 have had this impression ft*r fjonie years^ 
mid it has lately been strength en ed by visiting various English sewage 
t&rmBf which have Irecn characterised by the Itoyal Commission as the 
best in the country. If one rcganls not only the trickle in the gnjaller 
dmins, but alsij tiie How in the main eÜLuent channel, one sees an almost 
clear and eolourlcss product. It contains, lioweTer, a considerable number 
of lumps, the size of a hand or even larger^ of cbaractcristie sewage 
organisms. At Bimiinghani it ha« been necessary to retain these growths 
by placing screens in the offlucot channoh Hence, in comparing land 
treatment with artificial biological processes, a perfectly clear effluent 
should not be regarded as tlie invariable result of land treatment, nor 
flhotdd the flocculent matters which separate from the effluent« of artificial 
filters be regarded as cbaractcristie of these alone. 1 only mention these 
growths, because 1 think that comparisons are usiuilly m^wie unjustly to 
the disadvantage of artificial biological methoils ; only in vei^ exceptional 
omm do I consider that they have an aesthetic or sanitary importance or 
aflect fish life. 

Judged by the ordinary chemical standards, the eflluentö from well- 
managed sewage farms Km highly satia factory. They do contain more 
chlorides than arc found in most streams, and the same remark applies to 
other inorganic substances v\hieh are of trivial hygienic importance. The 
oxygen absorbed is usually reduced by BO or 90 per cent. (Freiburg, 77*2 
per cent. ; Brunswick, aljout 85 per cent, ; Berlin, aVjout 90 per cent ; see 
Table). It is always difiieult to estimate the influence of anbsoil water^ 
rainfallf and evajxrratioii upon these factors« 
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It may be atatad that those effluents from well-managed farma, which 
have reallj p«uia*Kl through the soil, do not le*ive anything to he desired 
from a cheuiioiil point of vi^w. iJii the other hand, as will have been 
inferred from what Inu* been said, t^ffluents ai'e aometituQö prmluct'd whioli 
dllFer little iu appeaimice from ^wage, and which an; highly putreticible. 



B. Xand FUtratioii. (Fiankland's Intermittent FiltrationO 

Experiments at Ealing and Chorley.— It seüms to have been kuowti, ' 
ever aiiicu irrigation has been iulupted for the treatment of tiewage, that 
more iewa^e ciin triekle through and be puriöed by fallow land than by 
plots planted with crops. In «pite of this, however, the conviction seemed 
to be general, that a äiiecetäüful and continuous piirihoation of the sewage 
waa only ptjsäiblc with the aid of higher plaut^s. The belief prcvailefl that 
in fallow land the filth was only rettihied and not deconipoat^. Sueh an 
idea ticenifi to artiinl an explanation of the fact that, during its syatenrntic 
viöiti^tion of sewage purification work«, the Hi vers Pollution Commission of 
1868 only cthtnc acrosh two places where the puritioation of aewage wm 
attempt^'d without the aid of crop». These two places were Ealing and 
Chorley. 

At Ealing the puriticatlon of the »ew^age had firtit l>eeu attempted with 
Band and gravel fillers. These materials had then been replaced by burnt 
ballast and ooah The fjewage was not conducted im to the surface of the 
filter, but uodenieath. At the time of the visit, and as a result of 
analytical investigations, tlio Commission came to the e^jnclusion that no 
appreciable pnrificsitiou of the sewage was obtainetl by this process. 
Laliomtory experiinentB which Sir E, Kraukland c^irried out on the 
pi'iijciple of upward filtintion also showtnl no good resulL 

In June 1868 the Royal Commission visited the sewage purification 
workii at Chorley. The towir» sewage wivs eondiu'tcd on t*:* fallow knd, 
w flieh wa* roughly ploughetl, but not plantod with any cro|>8. Here also 
the impression wai* oh tain od that no satisf victory purification >va8 producedj 
bi'c^'iuse the oMuentu did not contain nitrates. The analytical results pub- 
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lishod by the Coiiimission appear at first sight to show a considerable 
purification. The organic carbon in the sewage is reduced by 62*3 per 
cent., the organic nitrogen by 70*3 per cent., the ammonia by 68 per cent., 
and the total nitrogen by 68*8 per cent. The effluents were practically 
free from suspended matter. Since, however, the chlorides in the effluent 
were al>out 34*5 per cent, lower than in the sewage, it must be assumed 
either that the samples of effluent and crude sewage did not correspond or 
that a considerable dilution with subsoil water was taking place. 

Frankland's Experiments. — In conjunction with these visits. Sir 
Kdward Frank land carried out laboratory experiments which have formed 
the basis of the modem development of biological sewage purification. He 
used gbiss cylinders, 6 feet high and about 10 inches wide, open at the 
top and bottom, and these were placed in shallow earthenware troughs. 
A glass tube was inserted in the middle to serve for aeration purposes. A 
3-inch layer of gravel was first placed in the cylinder and over this a 
5- foot layer of the soil under investigation. If the soil was very coarse it 
was covered with a 1-inch layer of fine sand, to prevent coarser suspended 
solids entering the filter. For his investigations Frankland used: (1) a 
coarse porous gravel from the much cited Bcddington irrigation meadows 
near Croydon ; (2) sand from the red sandstone near Hambrook ; (3) soil 
from the Barking irrigation farm ; (4) a light yellowish-brown loamy marl 
from Dursley ; and (5) peaty soil from Leyland. 

These filters were dosed every morning and evening with London 
crude sewage. Filter 1 at the rate of about 3J^ to nearly 15 gallons per 
cubic yard, filter 2 at the rate of 6 gallons per cubic yard, filter 3 at 
the rate of about 3 J gallons per cubic yard, filter 4 at the rate of 
4 to nearly 13 gallons per cubic yard, and filter 5 at the rate of about 
4 gallons per cubic yard. The experiments were carried on for about four 
months, and the results produced were very satisfactory. The effluent 
was clear and almost colourless and odourless, and contained a considerable 
quantity of nitrates. At the end of the experiments the samples of soil 
did not show any signs of becoming clogged, and the Commission came to 
the conclusion that with the best of the filters (No. 1) 44,000 gallons of 
sewage could be thoroughly purified on one acre, if the drains were laid at 
a depth of 6 feet. At this rate the purification should go on for all time 
without fear of stopping up the pores of the soil. Frankland considered 
the action as comparable with the action of the lungs in breathing. He 
considered that it would be sufficient to level the surface of the land and 
divide it into four equal plots, dosing these one after the other each 
for six hours with sewage, thus requiring only five acres of such land filters 
for a town of 10,000 inhabitants. Frankland and the Ro^al Conmiission 
of which he was a member, believed that various difficulties stood in the 
way of the general adoption of this method of intermittent filtration. These 
difficulties were: (1) That no pecuniary profit would accnie from the 
adoption of the process ; (2) a fear that putrefactive dftc.o\3sv^\Mvs^ ^ws^ä. 
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taku place on tbu Murfao^ of the ImKl aud rraalt in miisiince to tlio ncigh- 
bourhajd ; aud (3) a fear thtvt it would be very dittioult to obtüiu au even 
diötributiöii of tlie sewage over the land on a large scide. Tho Coiumiösion, 
Uowever, doft* not uppuar to hiive attached very groat imix)rtant.^e t<> these 
diflicultit^a, for in thdr rüiM>rt, publiähed in 1871, they exprese themBt'lve» 
very favuumbJy concerning intermittent land filtration^ and eveu go m 
far as to expreea the opinion that concentrated trade refune may be 
purified in this way* 

In 1877 Robinson and Mollis were able to cito thirty-eight towns which 
had attempted to purify tlieir newiige by tiHrationj but, iiccording to tliesG 
autboni, the result« iijid Ijcen nowhere tüitisfactory. Irreopective of 
whether «oil, gravel, coke, or other filtering material had been employed, 
the atterupt« had ruftuUed in a complete stoppiage of the pores of the Biter 
and the formation of an iniperviuusi layer of undec^mpo^efi putre^jcent 
matter on the surface of the ßlter, causing a nnisanoe to the neighl>our- 
hood. They considered that intermittent filtration e4>uU1 only he sidopted 
for very dihite sewage and then only after a preliminary chemical treat- 
ment, A cloöer examination of tho details of theye tiltratiou experimenta 
reveab the fact that, although the experiments were carried out in every 
conceivable manner, the rule« laid down liy Frankland were not mlhered 
to in any one case* These rule;* seem to have been so soon ffjrgotlen, 
that, in I8i^0, Latham, one of the mOMt experieuced of Englisli sewage 
exiierta, maintained that he had inventetj intermittent land Kltnttion, 
folkiwiug up the experiment's of SchlcMBBing arid MiintÄ, whieh will he 
described later, Uitham fii-wt ei-ected an exix-rimentiil filter at Croydon, 
and in 1883 he deaigued the laud filters at Friem Baniet^ which will be 
dealt with lat^^r. 

Bailey Benton's Experimentfl and OperationB. — Fninkland luul a 
true disciple in Bailey Denton, who, in 1871, shortly after the publication 
of Fmnkland'a exfierimeuts, adopted inteniuttent filtration at Merthyr 
Tyflvil, m order to get over a temjmrjiry difficulty. The sewage of this 
town had to receive a lanil treatment, bnt the preliminary details could 
not be carried out quickly enough. Hence, about *20 acres of very 
p<jron» sandy soil euvered with humus was undeitl rained at a depth of 
6 feet, levelled aud divided into four equal plot», >^teh plot was treated 
for six hours with tlie iiewage of 25,(K)0 persouts, exactly as Fninkland }>ad 
prescribed. The amount of sewage treated was abont 35,0UÜ to öO^TOO 
galloivK per acre [wr day and on wet days twice this volume* The purihca- 
tlon etiected waa very satisfactory ; but the works were diöt^ontinue*! after 
five mouths, as the sewage farm, which had an area of about 300 acres, 
had been completed in the meantime* 

Bailey Denton has constructed a large number of land filtration works 
in England and Scotland, nearly always as relief work» in comiection with 
irrigation farms. In 1896 he publinhed a description of eiglit auch typical 
Horkiif its ojxler t^ show that the process is sni table not only for sebuok 
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and hoHpitilSj Vjiii lÜMt for towns with |KipuJations varyiitg from 1000 to 
70,000, Tliu rtjp(3i-t*i and analjscy acoompa-nyinji^ the dt^scription «bow 
that the purification works leave nothing to be desired. 

In general, bowevpr, Fraiiklancl*8 proeeHs was cont'usied with sewage 
filtration experiments «ueh its have been deÄcribed aTx»ve and which 
gradually hr^ugbt liltratioii processes int4> discredit 

Expenments at Clichy.^^In 1880 a small filter for laboratory ei- 
perimentä was construetcd at CHohy, and worked on the iutunnitlünt 
principle for five yeaiB, prodncing very good results, and at the end of 
that time the esandy filtering material showed no »igiiö of clogging* So 
far as I am aware, tlieae experiments were not continued on a large 
scale. 

Experiments at Lawrence. — Fraukland'ä observations woidd doubt- 
less have been gradual ly lost sight of, if the Massachusetts* &5la,te Boaiti 
of Heal til bitd not become interested in the subject, lly an Act of ISSiy 
this authority was entrusted with the supervision of all matters relating 
to river pollution, and granted powers to carry out experiments on sewage 
puri heat ion. With ihm objeet, an Experiment Station was erect^HJ at 
Lawrence, and in 1886 the Board eom|H.'lled the suudl town of Med fie Id 
to construct sewage works on the lines of Frankland*» system* 

In it» Nineteenth Arniual Report (for the year 1887) the Ikmrd aUitm 
that by the adoption of irrigation al?out 2500 gallons of «ewage per day 
may be treated on an acre of land ; that by intern lit tent (iltmtion Frankland 
succeeded in treating 30,000 to 80,000 gallouä per acre daily ; and that at 
various works constructed on Franklaiid's system in Kngland and on the 
Continent 35,000 Ui 90,000 gal lout* per acre per day have been efficiently 
purified. The report goes on to sttite that it im therefore possible t*> treat 
ten to twelve times as much sewage fjy this process as by irrigation, and that 
the Ikianl ninst regaixl it as a duty to ascertain whether simihtr rcaultG 
t»xn be produced nnder the climatic conditions of Massachusetts ; that 
not only iu the interest« of the State of Maj^saehnsetts, but in the general 
interest, is it necessary to carry out careful experiments on the applicability 
of Frank land s process* 

Dibdin has recently stated that the Massac hti»etta State Botvrd of 
Health Uxtk up these exfierimeut« after the publication of a lecture 
delivered by him in 1887, in which lie drew attention to the fact tiiat 
the purification of sewage is only possible with the aid of miem-organisins. 
That this can scarcely be so m apparent from the Reixirt of the State 
Board, which ends with Septem her 1887, and iu which important series of 
experiment's are discussed^ and, furthermore, from the fact that the Board 
liad compelled the small towu of Medtield to adopt Frankland's inter- 
mittent filtration during the year 1 88G* 

If Franklantrs expennients are to lie regarded m the biusis of mtMlern 
biologictd methods of sewage treatment, they have really attained thia 
position with the aid of the systematic and seien titieall^ e^traÄ. v^ö^. 
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fsperijiient« of the Mas^inchuBett^ State Bofinl of lleiilth. TUiö Board bun 
ui)t lieen uoutent willi äsuhing t^le j^irublem utily «o far as wiis tjecee8H.ry 
for Maöstiehusettä et>ndiUoiis, but hna ei tended Itn expenmeat» mo aa to 
iimkü tbtiüi of genenU iuiptirtaiic« and applicability* In Miigöat-biiHett« 
the soil b almoät everywhere ][K>njua and sandy, but the Statu Hoard ha« 
not reatrict^'d iUtdf Ui experimenUi with HUt-b soil ; it has aelotited all kinda 
of tilteriiig matürial, has aimed at finding that which ia moot suitable, 
arid in other ways ha» nimed at inere4ising the efficientjy of iutermittent 
tiltmtioiu Theae experiments have really fornicd the liasis of so-tuilled 
artitifial biological tiiethods, with which we öhall have to deal iu t]ie 
äUüoeecliiig seetloti. 

At the Jjawrtuiee ExjKTiiueiit Statitn» ten w*cjcxlen binka^ of a depth of 
6 feet aud each ^^^ of an acre in arca^ were let into tljc gronntl^ and 
provided with efiluent pipes leading to the buildings of the Experiment 
Station, where iiiejum were provided for earefuUy mea.auring the volume of 
effluent and for taking average sampler* Into one of the#e tanks {Philter No. 1) 
a layer of very coarae mortar sand, 5 feet deeji, wa*i phieed ; into a second, very 
tine white sand : into a third, |>eat with a eoverinitj of earth ; into a CöiiEtbi 
very tine river silt or Bttnd ; into others, garden tsoil, mixtures of wind and 
gnivel, or loam, or elay and siiud. The tiinks were tirst partly tilled with 
water and the varion« materialö thrown in with a shoveL Tbisj method 
of forming the h Iters will Itave given rine to a eertain gradation iu the 
layers of the filter, wliieh will not have lieen without influence on the 
6:)Lperinientä. 

One of the tanks was iLsed for the meiuäurernent of the rainfall and 
the eva|)oration* 

At first the filtern w*ere dosed nine timetä a day. During the tirst six 
year» the amount of sew^age iMsaing on to Filter No* 1 waj* grailnally 
ine reaped from 53,0(X} to liJ3,0()0 gallon.^ per acre per day. The efHoents 
uontained on an average t3*25 parts uf nitrie *u;id per 100^000, and abowed 
an average rudnction of 87 '5 per eent. on the oxygen absorl^ed ügure. 
The number of Uveteria was redneed from alxmt I^ millions to 40,000 
j>er c,u. 

Filter No, 2, containing fine sand, purified during aix yenrs' working, 
an average quantity of 33,000 gallons of sew^age per acre per day, red n ein g 
the oxygen absorbed figure by di)''2 per cent. The effluent eonlained, on 
an avenxge, 6*13 pjirtö of nitric acid per 100,000, and only 550 (»ometimea 
even leas than 100) bacteria per c.e. 

The peat was ahnowt impermeable for the sewage, 

Iu 1691 a Bitter was constrnetefl of gravel, about 1-4 mm, in sine; and 
in the succeeding years this filter dealt with gradually iucreaöing quantities 
of sewage, from ^4,000 to 97, (KM) gal Ions per acre per day. Even at thig 
large rate the oxygen abtsorl»ed was i^edneed hy alx>ut HO per cent., and the 
elibicntö eontained "U an average 7 '76 fmrtH nf nitric acid jicr 10<J,000 
^S43 »t fii^t and na xnuah m 12^69 later)* The numlier of bacteria In the 
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efflueut varied iKJtwtjeu about 100,000 und 200,ÜTO, avuuigiug 140,000 
pdf o.e. 

In 1594 a tilter wm conetruoted of coarsor gravel, aud worked ut the 
rate of rather more than 1 3^000 j^alloim per auro per day, Tlieii exijeri- 
menta were tried in which the anspended matter waa reintived 
by a preliminary chemical precipitation or by meut^ of coke filters. 
Some filteiü were provided with artificial Jteration, and were worked at 
the mte of al>out 350^000 gall uns i>ei* itcre per day. Eveti at tins 
high ratu a reduetion in the oxygen u.baf>rljed of GO to 85 per eent. 
was obtained, hot the pores of the tilter begun to ahow äiigna of 
clugging. 

As time went on a largo nnoibcr ol towns in MasiüiLhusett^ were cam- 
pelled to treat their aewage by kind tiltration. The proeeas wa» adopted 
by twenty- three town», having populations ranging from !iO00 to 118,000. 
I have already deacribed oleewlien? ai>me of the ntore important of these 
works, tihar persomil inapectiou. In this chapter 1 wid therefore limit the 
description to two. 

Practical Applicatlnns of the Lawrence Experimentß.— //ivj^A-^ow. — 
Brockton is a maiuifacturing town, öituate<l not fur frum I5oston, on the 
banks of the Salisbury Plain Hiver* In 1900 the popiihition was 40,000 ; 
and, siuee 1880, the town has possesaed wateruf^ks i^upplyiitg, in 1903, a 
million and a ijuarter gallons daily, equivalent to 31 galluim i>er bead of 
populatieu. In 1893 Brockton wa» sewered on the separate system. The 
eewage in received in a collecting sump, from which it is pumped a few 
miles to the purification works. The etMuent from the works first enters 
a small tributary of the Salisbury Plain River, which itaelf joins the 
Taunton River, The importance of sewage purification for Brock too is 
largely due to the fact that the Taunton Hiver flows through the town of 
Taunton, The total length of the üewen*, which are chieÜy of ear then ware, 
is over thirty miles, and connecte<l with these are about 3<X)0 buildings 
with abotit sixty manufactories. Some of the sewers are laid in the subsAoil 
water* Figs, 79 and 80 show what precautionary measures were adopted 
to prevent tlie subsoil water frtim entering the i^mers. In spite of tiiose 
measures^ however, before the sewers were brought into operation it wa« 
foond that 1 3fiOi) gixllons of sid)soil water entered the sewers daily in a 
length of about 650 yanlrt. The whole sewerage system carried off' daily 
about 100,00(1 gallons ol subsoil water and during floods moi*e than 280,000 
gallons, Altlu>ugh the Bewomgc had been carefully carried out no the 
fic^rate system, it was founds when opemtions were eummenee^l, that the 
volume of sewage reaching the works on wet days was sometimes three 
times as great as on dry days. In 190.1, f<^r example, the miuiraum daily 
flow W!is 4(>2,0ü<J, the maximum 1,396,5(10, and the average 73 1,1 »60 
gallons. These figures yield for the papula tion (25,000) connected with 
the sewers a volurne of sewage eqtml to a minimum of 18-48, a maxinium 
of 55"88^ and an average of 29*26 gallons \it^t head. The figures sav^^ Xja 
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otnphasbe the nucessity for towns to keep a cüiitirmal rt'curd of the flow 
of sewage. 

The aewftge flows by gravitation into a covered colIectiti|^ chamber, 
having a capacity of rather more than 440,000 ^^a lions. TliLs 18 pimipcd 
empty every evening, and m then alj]e to tak€* l\w night &i?wagei alsu tiHuw- . 
ing the pumping to be restricted to the daytime. Before entering the 
collecting chamber, tlie sewage passes a rough senden, whieh only retidrm 
about l'öcwta* of solidj^ per day, and these are burnt under the boilers. 
The sediment la not removed and carted away from the collecting chamber, 
but is stirred up and pnmjjcd to the sewage worka, whoru it is treated 
BCpirately. 

From the collecting chamber the sewage is pumi>cd tlirotigh a rising 
main, against a hecixl of 42 feet, to the sewtige works. The rising main is 
3 "3 mile» long and 2 feet in diameter. At the sewage works an area of 
39 acres is provide<h This land is level, and naturally suitahle, and within 
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Fig, 7W»— GmistrnLtiou uf SeviftTti ti> ex- 
dudü Subsoil WtiUr (Brocktuii). 



Fia 80.— Coastruotii^n *.- .-.* ^,.>Lh to 
exclude Subaoil Witer (Brück ton). 



a radnis of half a mile there aro vory few houses. In 1903, twenty-three 

filter beds Ixad been conMructcd (fig. 81), covering un area of altout 2*2_ lUTOS, 
and the preparation of otlser seven beds was contemplatc«d* From nineteen 
of the filteni, Viesides the upper loamy layer, the native sciil had l>een removed 
in onler to ex|Kiye the lower layers of sand and graveh From the other 
fotir beds only the loitm had l>een removefb The nisie of the sand was 
90 per cent over 0-04 mm., that of the gravel 00 per eeut. over 
0*75 mm 

The tilters were only drained where layers of very fine sand or 
clay ocuurrcd. The drains were then hiid 7 to 9 feet doep and about 
10 or 11 yards apart. Since the filter» cJime into ope ratio a, vanous 
springs have made their appearance in the banks of the «treani which 
receives the effluent^ and these are considered Uy be the purified 
«ewa^je. 

The sludgy portion of the ^wagc from the bottom uf the eollecti&g 
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ohamlier h allowed to remain in the rising main over ni^ht, anci is then 
pumped in the nionjin^^ tm to four Kpeeial lieils. 




Fia. 81.— iBtermitlont Filtration Work» {Bimk ton), 

Tiie duration of Uie flow on to each single bed is on the average thirty 
minute«. The sewage is coiiducti>d on to the btids by moans of channels, 
the bottom« of which are of eoucreU?! ^^^ ^^^'^ sides^ 12 inches high, of 1 




Fifl, Ä2. — Distribatioii of Sewage in Fitters. 

wood. OpetiingH ore provifkHl in the aides every 12 yardö, and after each 
upcnhig tije erossj section of the channel is leaftened (sec fig. 62), 

The four Kltcra which receive the sludge from the bottom cjf the 
colleoting ehutnlun' are niked over after receiving about tsvcnty dmvH. The 
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rakings from these beck have amoiuited to about 1 700 toua per imnum, 
iiiifl have Iweii sold ki the fartiiüi^H for about £3! I Tlic rümaiiiing filters 
rcN^iiirud little or no üttention, except an oeeaBioual ruiiioval of gnwB or 
weeds from thü surface. A few of the beds have been jeftrlj planted 
with maize, and experiineiit« have been tried with pcii8 and simflowere. 
Maize is, however» the immt öui table» and can lie sold at a small profit if 
the l>eds are not overworked. The proßt is, however, so small that it \a 
intended to abandon the growth of crops. In autumn, furrows are 
plougfied on the surface of the lieds (gee fig* 83). Ice and muow remain 
on the top of the ridgeH so formed^ and a öufficiont distribution of the 
sewage takes place throngli the furrows. 

With reforenee to the keen frosts which often occur in Massatihnsett^ 
it maj be mentiotje<l that the temperature of the sewage entering the 
collecting ehaml>er ii at a minimum (7° 4 C.) in February and at a maxi- 
mum (15" "8 C.) in September, The temperature of the sewage entering 




Fio. &3.— FuirowB on the Surface of FiltBra. 



the filters »s approximately the same* The effluents t'roui the filter« show 
a Tiiinimum unn(K'niture (5'''2 C.) in February and a maxinmm (15" '7 C*) 
in .September* 

Under the alM>ve-deseribed unusually favourable conditions, the capacity 
of the land filtei^i is of qtecial interest. On the average, only 0*0^^ cubic ^fi 
yard of sewage can l>e purified on one square yarfl of surface. The sewage 
is ehiefty dotnestic, but the numerous shoe factories produce fairly large 
volumes of euncentrated Vilack refuse. The sewage is however, a» we have 
already seen, considerably düutetl with subsoil water. 

Details jis to tlie character of the sewage and of the sludgy sewage from 
the bottom of the collecting chamber are given in the following tiible. I 
have »elected the analytical results of 1897 and 1903, in order to show that 
the sewage is getting more concentrated. The figures given are averages 
taken from analyses regularly perfonned by a chemist, for whom n 
lal?oratory has ln^en provided at the sewage works. 

As regards the working of the liltera, the following particulars, cuIIikI 
j^Tcyjj ihe raport for 1902, may bo of inter^tp Most of the Biters cover an 
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Brockton. Chemical Analyses of Crude Sewage (Yearly Averages). 
(Results expressed in parts per 100,000.) 



I Total Solids. 
Year 
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18-40 
12-52 


1897 89-15 
1903 81-88 
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Chemical Analyses of Sludgy Sewage. 






1897 


234 00 


167-11 


197-61 


161-64 


86-49 16*47 


4-41 


3-76 


0-82 


2*94 


6-82 


1903 


472-92 


874*42 


403^ 


347-10 


69-02 27-32 


6-19 


7*06 


0-60 


6-46 


13-90 



s 

I'D? 



24-40. 8-40 

I 
70-66 I 10-18 



area of one acre. On the average they received a dose of sewage every 
third day, some as many as 168 doses in the year, and the average volume 
of sewage per dose was 70,000 to 90,000 gallons ; sometimes as much as 
130,000 gallons was discharged to a filter at one time and the maximum 
volume so discharged was 220,000 gallons. One filter received, however, 
440,000 gallons on one occasion. From these figures the average daily 
quantity of sewage dealt with by a single filter was 23,540 gallons. --' 

The sludgy sewage from the bottom of the collecting chamber was 
discharged temporarily to two of the filters besides the four previously 
mentioned. Each of the four filters received a charge every fourth day, 
the volume discharged being about 70,000 gallons, giving an average daily 
volume per filter of about 18,000 gallons. 

The efiluents from the filters were clear and colourless and devoid of 
smell. If the filters were overworked they yielded effluents containing iron. 
The presence of iron in the effluents from artificial biological filters may 
also be regarded as a sign of overworking. 

The average results of the analyses of the effluents for the years 1897 
and 1903 are given in the following table : — 

Chemical Analyses op Purified Sewage (Yearly Averages). 
(Results expressed in parts per 100,000.) 



Year. 



! Total 
I Solids. 



1897 j 2775 
1903 53-17 



Ammonia (NH3). 
Free. 



0*091 
0-225 



Albumi- 
noid. 



0-010 
0-017 



ChlorideB 
(CI). 



Nitrogen 
Nitric. 



4-80 
11-13 



1-224 
3 076 



Oxygen 
Absorbed. 



Nitrous. , 

0-002 I 
0-010 



Oil 
0-33 



Iron. 



0-0003 
0601 
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Hciice, for tlic jwu^ 19 03 the free unimoni?* in the He wage wa^ reduced 
by 95'8 per ceut.^ tlie idUmiinuid aiiuiiouüi by 9H'1I jK*r ^eut., and the 
.jxyt^'on abMüHied by 98 5 jiur ceut. 

In takidatiug the etmt» it niuut bo remeujbered that thü eight hotirs* 
^v^orking day is paid for at the rate of nine shillmga and sixpence, and 
hence the figure» are aearcely applicable to Gennan conditions. The figures 
are: — 

Purchase of land , . . . £1,957-5 

Prepiratiou of filter arüas , 10,(>64*0 

Itkitig niaui 10,898-0 

Collecting chamber , * . . 6,331^0 
Pumping station . * . . . 9,452*7 

In 1896 the working expenses amounted to ;ß450, and by 1903 
they had gradually ri^en to £lbO. ÄgaLust theae figures iiniat be 
placed an income of £30 t<> £90, d«»rived from the sale of sludge and 
maize. 

Fjnmrni/kfim.—The sewage works of FnuningliKui may also be de- 
acril>ed, tiinee they are one of the oldest works in Mi^sachusetta conatrueted 
ÜT1 the *sy«tem of interuiittetit filtmtioiu Sinith Fniniuigham, with a IK^pu- 
Uition of 7000, lies within the watershed of the Sudbury Hiver, above the 
point at whick the water supply of tlie city of Boston m derived from 
thiy river. The town m alsci «ttuated in the gathering ground i»f Lake 
Cochituttte, the \vater of wliich ia used to supply the Mütropolitan LHstrict 
of Bo($ton. For these rejuions it was necessary tf> carefully purify 
the sewage of the town, including that 4if a prison with 350 inmates. 
Tiio town was* 8ewert»d on the separate systeu), the length of the sewers 
being 15 to 16 miles, to which were csonnectixl, beside» 1165 tlwelliug- 
houses, 27 workshops, 9 manufactories, 6 st^hixiln, 3 hutels, and 4 
ehurohe«. 

In spite of the careful adoption of the separate system of sewerage, the 
volume of the sewage here also showed oooBidemble variations. In 1903 
the avemge dally volume was 542,960 gallons, with a minimum of 334,840 
and a maximum of 1,532,080 gallons. Per head of the popuhition conneetetl 
to the sewers, these figures give a volume of jiewage on the average of 72^4 
gallons per day, with a niininuim of 44'7 and a maximum of 204 4. In 
layiug the sewers every efibrt wiiä made to ensure se|»arrik' drainage 
of the subs<jil water, but this was not the ease with extensions under- 
taken later. 

It may he of interest to state that in the prison, in 1898, the water 
»lisumption amounted to 82^9 gallons j>er head per day* 

The trade refuse entering the sewers includes that fmm a colour 
works, 33,000 gallons, and that from a hat factory, 15,000 gallons 



ore entering a collet!ting cliamber, the sewage pfisaea through a 
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ncreen, from wliicJi about n biirrowful of ynlirk fire reniovtid twicer a week 
mid Viurnt uiitkr IjoLlers. The cdpacitj ot the coUecting chain bi'i' is iiUtut 
350,C)O0 pilous, thus perjuittiii}^; of tlie piimpmg being restricted to the 
dujtitm;. Aa at Brock tot»» the MCHjinieiit in the önllücting chiiinlK?r is 
puinpetl Ui the sewage work«^ al.»out two riiileis iiway. The Uiud upou 
which the sewage work» have been constructed h level ground, with c<mn*© 
gnivelly soil^ about 100 acrca in extent^ which was formerly planted 
with trees, The m?ighl)ourhood, within a radiuH of half a niile^ with the 
exception of six houses, m uninhalnted* 

Eighteen Hltei*s^ with a tot^il a reit of 20 acre«, have been Imnight into 
operatioT». The work of prc'].umn*x tlic land, beside« a numU mnonnt of 
le veilings consisted in the retnoval of the treee and the fornuition of 
«'art hen banks round eaeh of the H Iters, On tme of the filtt^rs the tree 
roots were allowed to remain* The native soil was not removefl in any 
case. Only eleven of the eighteen ti Iters are nnderdrained, and theöe 
have only one set of drains eatih, placed in the middle of the filter at a 
depth of nix feet. Seveiul «pringn which have made their ap|>earance on 
thi banks of tlie river are considered U% lie the efflnentä from the seven 
undrained hlter^. In some of the filters an open channel has l>een 
constructed along the earthen banks surrounding the filter, and 
from thifi channel the sewage is diaoharged on to the filter at various 
pointB. ?5ince son*c of the filt-eiu are not quite level, the distribution of 
the sewage is often unsatisfactory. In some cases the sewage is placed 
upon the filters at two points, by means of pipes passing through the 
earthen lianks, and the sewage must distribute itself m best it can from 
these points. 

Döring the summer months the whole of the daily flow of sewage is 
discharged on to one filler e^eh day* In winter and spring two or three 
filters are used eaeli day. Each filter is therefore allowed to rest for 
several days. Thn>ughout the year the amount of sewage treate^l was 
etpial to a daily average of 0*03 culiic yanl per square yarrl of filter area* 
This tig\»re must not be confused with the actual ammmt of sewage 
placed on the filter on any single day ; for this amount w**a alxtut 0'29 
cubic yard per sijnare yard of surfaee ; but as the (liters were only dosed on 
an average thirty-six times in the year, they only ree^nved a filling every 
tenth day. During 1903 some filters were doiied only fifteen times and 
others sixty nine times» 

The attention bestowtMi on the filterü is limited to raking over» in the 
spring, the surfaec of those beds w hieb show poor distribution. Besides 
this, the beds are ploughed every year and planted with nuiiae ; but 
beyonrl keeping the earthen banks in order and gathering the mair.e 
crop8, nothing further is done. In autumn tlie i\mhe is cut six inches 
ttbcjve the ground, The little hillock thus remaining around each stalk 
serves to sup[7ort any layer of ice wdiieh may be formed in winti:^r* The 
sewage can thus be trcate<l undenxeath the ice throughout the wiut^«^ 
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K 
although the average temperature for two months 18-13" 0, imd the 

thermotutjtür ofteu registers - 2-V C. A view of the Fmiuhighüiu works in 

wiuter, witJi the snow a foot dee|)^ iä hUowti m fig. H4:, from which it amy 

Ih? m^cw how tJio tiltei^ continue in i>ixinition uiKh^nieath the snow. 




Fia. 84. — Iiit«rmitteiit Filter in WinUr {Fmnniigham). 

The average temperature of tlie nowage reaching the filters from 
January to Maj 1903 wa« 7':!' C, ; this rotre in June to H'9% and readied a 
nmximnm of 15^5^ in August. The sewage of Boutli Franiinghani, like that of 
Brockton^ iä regai'ded as very couceütmted in cnmpnriHon witli the isewage 
of other Auieriuarj towns. Analjftos are made once a mouth, and the 
a%^eriige revolt« for 1 903 are given in the following Uihle i — 

Chemical Analysis op Framixoham Cruor Hkwa<jb (Ykari.t 
AvKRACJi OF Monthly Anaj.vsi?.s), 

(liesulta expreaeed in parts per 100,000.) 
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The following table contains the results of the analyses of the effluents 
from three sources for the same year : — 

Chemical Analyses of P>fluent8 from Framin«ham Philters. 

(Yearly Average of Monthly Analyses.) 

(Results expressed in parts per 100,000.) 



Eastern Drain 
Western Drain 
Spring . 



Year. 



! Total 
Solids. I 



Ammonia 
(NH,). 



Nitrogen. 



Free. 



Albnmv 
noid. 



1903 '29-15 
1903 I 27-87 



_l 

I 
0-236 0-0-23 



0-198 



015 



1903 21-06 '0-0004 0*002 




Oxygen j 



ab;. 

sorbod. 


Iron. 


0-31 


0-044 


0-21 


0-028 


004 


0005 



The purification, judged on the effluent from the eastern drain, was 
92*6 per cent, as regards free ammonia, 97-1 per cent, on the albuminoid 
ammonia, and 93-2 per cent, on the oxygen absorbed. The other effluents 
showed a higher percentage of purification. Even during the coldest months, 
December to May, the percentage reduction of the free ammonia was 91-9, 
of the albuminoid ammonia 97-4, and of the oxygen absorbed 90*9. 

The cost of preparation of the 20 acres, including drainage, is given 
as about ^2100, the cost of labour being about double what it is in 
Germany. The figures for the total cost are : — l^^ - ^ '" ''f- . 

Collecting chamber (capacity 358,600 gallons) and 

rising main . . . about ^8,155 

Pumping station ..... about 3,330 

Pumps (capacity 1,665,400 gallons per day) 1,385 

Purchase of land (100 acres) ... . . 1,225 

Construction of filters (20 acres) . . 2,120 



Total . about £16,215 

The working expenses of the filters cannot be calculated, because 
lal)ourei*s are only employed a portion of their time on. the work. The 
sale of the maize crops during the last six years has realised an annual income 
of £85, from which 10 per cent, must be deducted for commission. The 
working expenses at the pumping station amounted to £850 per anniim. 

The above descriptions serve to show how very simple is the whole 
operation of intermittent land filtration. It is so simple that one would 
suppose mistakes to be impossible ; yet in practice the almost invariable 
tendency to depart from even very simple rules has to be taken into 
account. The excellent results obtained by this method in Massachusetts 
are largely due to the careful supervision exercised by the officials of the 
State Board of Health, who not only examine the ^lan& oi w^Växsää ^»sä. 
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t^upervise the con struct ion of works, but also continually inspect the 
o|jenitit)ns curried oq at the works* 

Ajiy fleviÄiion from eiperinien tally determined rules for the opemtion 

of iutcnnitteiit fiUratiun, or Jinieed of m^y proeeets of sewage purification, 
\h at inicc follifWLHi Uy a decreased efficiency* A mtndcipil engineer, who 
htts had much experience in thia direction, declared in his report : ** An 
intermtttent filter must he treated like a living thing* If it h overfed, its 
digestion i» interfered with. Eaeh filter Ix^comt^ aeeustoinefl, not only 
to a dctinita dose of sewage, hut also to Bevvfijre of a definite character, and 
any sudden change from these conditiotm disturbs the working of the 
filter for a shorter oi' longer periofL Thij* dot^ not mean that expensive 
öupervittion should be exercised, nor that the filters eann*it acconuiiodate 
themÄelves to ehangeft within certain Üniits. Tnder all eircuniatances* 
however, oi>ei'sitionö njust be cuiTitni on in a niethodieal manner." These 
remarks should be taken to lie^irt l»y all thoae entrusted with the manage- 
ment of hind filtration works. 

Lawrence Method of Soil Examination. — Twenty years of experience 
have whown liow laud filtration cjin be applied in Masisfichnsetta, even 
under adverse climatic uonditions, so as to produce very satisfactory 
resnlte^ A method waa, liowever, early sought by which it oould be 
detenuined whether or uot a sample of soil was suitable for land filtration, 
Experience has shown that certain kinds of soil, suel» tm very heavy loam 
and clay, are unauitable, Frankland considered peat aa auitable, but at 
Ijawreuce [icat has bi^n found to 1h? useles». Of other kinds of sc>il also, 
the ais^umption could k^ ntade without inveatigatlon that they wonhl Ixe 
iinaui table. The reiults of very extensive comparative invc»tigatiotis have 
been published in the Twenty Third Ilepoit of the Massachusetts State 
lk>anl of Health for the year 1891. 

The method of soil examination which has been worked out at Ijawrenee 
is as follows : The sfimple of soil ii* dried and passed tlm*ugh a series of 
sievcH, the menhes of which, exprcsscfl in the metric aysb'in, are alK>ut 
10, 5, 2, 1, 0*5, 0-25, and 0*1 mm. A weigheil quantity (say 5 grammes) 
of the soil which passea through the finest of these sieves ie nuxed with 
200 e.c, of distilled waU^r in a Ijcaker, aud air is blown throu|»h the 
mixture to e fleet an even distrihntiou of the soil in the water* Settle- 
ment is tlien allow^ed to proceed for fifteen aeeonda, at the end of which 
time the supernatant liquid is decanted. The si^ve of the particles 
com^KJsing the «edimeut is regarded as O'l to 0^05 mm. Mr is blown 
through the decanted liquid^ and stKlimentation is allowed to proceed for 
thirty seconds* The siste of the particles composing the sediment in this 
case is reganletl as 0*05 to 0'03 mm. The process is repeated^ settlement 
being allowed to proceed for sixty seconds, the size of the particles in the 
sediment varying from 0*03 to 0*01 mm. The particle« finally remaining 
in the liipiid are repmkvfl m orgtinic matter* All the aljove samples are 
driei} ut J 05' C. until coiiatant iu weight 
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The above method divides the sample of soil into eleven portions, which 
are weighed separately. The sum of the weights of the separate portions 
is equal to the weight of dried soil originally taken, less that which has 
been lost during the levigation process. It is advisable to use not less 
than 200 grammes of dried soil ; and if exactly 200 grammes be taken, the 
weights of the separate portions divided by two give the percentages of 
these portions. The accompanying table gives the result of the examina- 
tion of one of the filters in operation at the Lawrence Experiment Station : — 

Lawrence Filter No. 6. Result of Examination of 
Size of Material. 



Size in ram. , less than 



Per cent 



12*6 



S3 



6-2 



73 



2-2 

67 


0-98, 0-46 

1 

32 13 

1 


0-24 
7 


12 
4 


06 
2 


0-03 
0-6 


0-01 




The curve shown in fig. 85 has been constructed from these figures, 
the ordinates representing the percentages and the abscissee the size of 
the material. The figures along the axis of abscissie are the actual sizes ; 
but in order to prevent the diagram from being uselessly long, the dis- 
tances are proportional to the logarithms of these figures. 

In Massachusetts the conclusion has been drawn that the finer particles, 
up to 10 per cent, of the 100 
total material, exert the 
same influence on the action 
of the filter as the remain- 
ing 90 per cent. This 
influence is explained as 
follows : In a mixture con- 
taining particles of various 
sizes, the finer particles 
occupy the spaces between 
the larger particles. Water 
can easily flow over the 
surface of the larger 
particles, but, owing to 
the greater influence of 
frictional resistance and 
capillary attraction, it is 
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Fio. 85.— Sire of Material in Filter No. 6. 

forced to trickle slowly through the finer material. Samples of soil have 
been shown to be most suitable, as regards percolation and filtering action, 
when they contained 10 per cent, of very fine material, not, however, in 
the form of dust, which would clog up the pores of the larger material. 

For this reason the horizontal line representing 10 per cent, has been 
drawn rather thicker, and the point of intersection of this line with the 
curve representing the size of the material will be further tß tV^. xv^>N* n^cvr. 
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ffmrmit th^ XMXmroX, Ihe pmjectno fd urn pixnt o€ mtersectkn od the 
MM ri< aJ' xwai w tft thrjrM lie betv«Mii 0^4 and 0^46 in übe case o€ ^otk 
imrtA^jle for intermittent fihrxtwo. Tkia 6^ixre is venaed the ** etfectiTe 
»tze "^ of th^ maUrriaL From the diaizram f fi^e. i^5> it wul be ann that ao 
far M the efffsttire mat m eooecTned, the material of which FUter Nol 6 is 
eompomüd im snitaMe for the purpose, the eAeetiTe soe being 0-S5. 

KfWviM the eifeetiTe size, a eertain importance attaches to the so-called 
IÜ ^^ - " imiformitT coefficient "^ of 

jg ^^^.-""'^ I the aotL Thb figme, like 

that for the effectiTe size, 
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ptrical manner as follows: 
It is aasnmed that the mean 
size of the 90 per cent, of 
materia] remaining after 
the subtraction of the 10 
per cent, which is below the 
effectiTe size, lies at the 
point where the curve inter- 
sects the horizontal line 
representing 60 per cent. 
This horizontal line is also 
drawn rather thicker in the 
diagram (fig. 85). If we 
call this pTiint of intersection a, and the point where the line representing 
10 per cent, cut« the curve 6, the projection of a on the axis of abscissae is 
at 2'73 and the projection of b at 0*35. (>n dividing 273 by 0*35, we 
obtain the ratio 7 '8, which is termed the uniformity coefficient. With very 
coarse material this ratio is high^ 10 or more, and with fine material it 
is lower, 2 or less. It has been found that material with an effective size 
of 0'3 and a uniformity coefficient between 2 and 5 is specially suitable 
for filtration purp(jses. In the above diagram (fig. 85) the value of the 
unifonnity coefficient is rather high, but the material may nevertheless 
l)ü considered aw well suited for intermittent land filtration. 

The following taV>le and the curves (fig. 86) show the results obtained 
from two other filters, as compared with Filter No. 6 : — 



RkhuI/Ts of Examination of Size of Material. 



8izo ill mm., less than 



12-6 


6-2 


2-2 


0-98 0-46 


0-24 0-12 006 
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Judged by the above-described method, the material from Filter No. 5 
would be imsuitable, for the effective size is very small (0 02). The 
material from Filter No. 16 is, on the other hand, too largo, the effective 
size being 5. An even distribution of the sewage on this filter could 
only be obtained by the adoption of some special form of distributing 
apparatus. 

By the " water-retaining capacity " of a soil is to be understood the 
volume of water which remains in the soil after first drying the soil, 
filling it with water, and allowing the excess water to drain away. In soils 
having suitable values for the effective size and uniformity coefficient, the 
water-retiiining capacity is usually 16 to 18 per cent, of the volume occupied 
by the soil. If the effective size is too small, the water-retaining capacity 
is large, and vice versa. 

If the water-retaining capacity of a soil is subtracted from the volume 
occupied by the pores, a ligure is obtained which is termed the "air 
capacity." A soil in which the water-retaining capacity is almost as large 
as the volume of the pores is not suitable for intermittent filtration, because, 
when the sewage gets into the soil, too little air is available. 

The experience gained in Massachusetts indicates that the volume of 
sewage applied at a single dose to intermittent filters should not exceed 
the water-retaining capacity of the filter. 

Clogging of the Filters. — The sewage works at Framingham have been 
in operation for twenty years, and others constructed on similar principles 
have been working for an almost equal period. 

List of Sewage Works in Massachusetts, with Population and 
Date when Works were brought into Operation. 



Name of Town. 


Population 
(1900 census) 

6,813 
40,063 
13,667 

6,652 
10,813 

3,416 
13,609 

9,488 
21,766 

7,627 

5,400 
118,421 


Sewage Purification by 

Intermittent Filtration 

introduced in 


Andover 

Brockton 

Clinton . 

Concord 

Gardner 

Leicester 

Marlborough 

Natick . 

Pittsfield 

Spencer 

Westl>oroagh 

Worcester 






1898 

1893-94 

1898-99 

1898-99 

1891 

1894 

1890-91 

1895-96 

1890 

1897 

1891-92 

1890 



During their twenty years' existence the Framingham filters have 
continuously converted the sewage into an effluent equal to that from the 
best irrigation works, without showing any signs of the difficulties which 
Fninkland feared might arise in carrying out the process on a large scale. 
Until quite recently it was thought that Frankland s prophecy with re<ga.rd 
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to the clogging up of the sfiil would not ba reiilisöl, and that Innd tiltra- 
tioii work« would be ablt? to troiit aewit^ü for ever. Reuotitly, liowevcr, 
tUe oldest filters at the Lawruucü Ei|jeriiiietit Sljitiou have yieldetl etfliientti 
coutiiiuinjj: dituinished quantitiea of nitric ticnl^ especially iu winter, und ftt 
the same time incretiKed tpiaiititietä of fret? and albuminoid Hmmonia, The 
frti^t, which yeiU'coly penetrated beneatli tlio surface nf the new Hlters, ia 
iiuw penetrating ti> a deptli of 6 or 8 inches. This ia thought to be due 
to a gradual sludging np of the filters. The immense pmetical imiwtrtance 
of thiö (jnesjition has been the cause of various attempts tt> meet thb 
difficnlty, In the autumn of 1903 the snrfiiee of the filters was broken 
up and mkcd into furrows, so that the distribution of t!ie tjewage was 
only ejected by means of the furrows. The nvaterial which had been 
renarved t«> form the furrows wjis pilod np Viet ween the furrows into 
ridges, with the eon&et[uence that tUe covering of ice during the foUowing 
winter remained on the top of tlie ridges, the frost did not penetrate so 
deep into the filters, and iücr eased quantities of nitric add appeared in 
the eifiuent. On »ome Jilten^ deeper fnrrowtj were dug out aud again 
partly tilled with fresh gravel, the sewage fieing distributed only on the 
fresh material. This left a portion of the filter surface fallow; and experi- 
ments were undertaken to see whether and how far the matters which had 
choked the filter would deeompoNe during a long period of rest. Part of 
the material was easily decomfKJsed and nitrified, but the larger p*3rtion 
withstoiKJ the action of micro-organisms. For example, at one [mrt of the 
filter the amount of albumhioid ammoina mink, during a short period of 
reatingi from 74*4 to 46*05 parts per 100,0Ü0 of sandy filtering material, a 
n^luction of 38 per eent, Tkree months later, at the same place, the 
amount was k till 45^9. 

In the dee|jer layers of the filter much smaller quantities of organic 
matter were found, as is evident from the following table ■ — 



ÖRGANIO Matter found in the Filtering Material at 

VAKtOUS DKPTII8 OF InTKRMITTäNT FiLTHRS, 





AlbamiiiQtd Anunoiiia (NH^,) 


A|ipioxim;%tti 

Depth 

(ill cm. ) 


diart« |«r 100,000). 






Nov. 23. 1003, 


Oct, 10, 1904. 

1 


15 


463 


*7"0 


22 


585 


46*1 


80 


18-2 


3&0 


38 


13*fl 


141> 


4& 


le-s 


ir9 


m 


7 2 


&*2 


«0 


4^ 


6-a 


ISO 


8*S 


5-0 


l&O 


4^ 


3 4 
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As witl be aeen from Üw tsLlilu, tlio experiment wa^ poifonuerl n second 
time after contmaoiia workinjjj fur a year, but there wii« no appreoi:thie 
increaa« iu the amount of nitrogenous matter iu the deeper hiyen*. 

SniiiU t*xpenuienttil filtoi^ were prepared from the chfr^^ed i>pi>L>r hiycrs 
of the filter sand, aud those were dosed with clean water instead of sewaj^e. 
The elBuents contained m much aa 15 parts of nitric acid per 1ÜÜ,C>00, 
thuö indicating a dtseomposiitioii and mineralisation of the retained sulids. 
After a time, liowever, the fonnation of iiitrie acid ceanüd, an<l some of the 
organic matters still remained iu the sand, thus iud limiting that a lar«re 
[K>rtiou could not ini broken down and mineralised, Of each pound of 
UiUil nitnigcu retiiiu«! by the sand from the sewage, only a quarter pound 
wmt found in the effluent in the forms of free ammonia» nitrous and nitric, 
nitrogen. A considerable portion liad diiiappearcd in other form.^. Thin 
q nest ion will be dealt with more fully la ten 

Attempts were miKle to induce further nitrification in these small 
esperimentai filters by afldiug lime, i>üt4isiiium carljonate, iiydrf>chloric 
acid, common «alt, and otfier auix^^UtiiceH, but the experiments were fruitlews* 
Inoculation with pure cultures of nitrifying organisnii? was ala*» tried in 
vain. Only wi»en e^isily nitrihable nitrogenouw substances were placed on 
the filter was tiitric acid obtained in the eßluent. 

Comparative experiments on the losa on ignition i»f the altering 
nmterial showed an increfise from 0*4^ jjer tent., originally, to I '16 percent. 
The loss on ignition of the whole of the filtering material was originally 
467 lbs,, and after seventeen years working it had increttsed by H22 lbs., of 
whicli 450 \\m. {Le. over 50 jjer cent.) was within one foot of the surface. 

The better results obtainod by furrowing the surface of the filters are 
uot regarded favi>urably in Maösachust^tts, beeaufie tn this manner the 
aceumulation of uudecompcjsjjihle organic uuitter only t#tkes place at lower 
depths of the filter. The deposition of organic matter at various depths 
may be seen from the following table : — 

Accumulation of UauANrc! Matter tn Filtku Xo. L 
(Calculated from the Lfoss uu Ignition of the Filtering Material. ) 



Depth iu 

iueheft. 



0-6 

0-12 
12-15 
15-18 
18-24 

24- se 

3Ö-48 

4S-eo 



LO!^ Uli 

Iguitiuu 

(per ceiiUj. 



2&3 
2*51 

2 20 
I 05 

0-91 
0-00 

O'Sa 

0-82 
071 



IiicreaikHi 
Losä DO 

Ignition 
(percent.)* 



2-11 
3 '09 
178 
0-ft2 
0-49 
0*43 
0-44 
0-40 
0-29 



Weight qf 
(kilos.). 



5,045 
2,522 
2,522 
2,522 
2,522 
5,045 
10,000 

10,000 

10,000 



Loa» on 

Igtiilion 
(kilos.). 



106 5 
537 
44 
16-e 
1S^4 
27"2 
44*4 
40-4 
2&*1 



Loss on 

Ignition 

(kiloH. t^r 

ncr*). 



21,044 
10,410 

3,003 
2,4IB 

5,871 
IJ78 
7,080 

5J5a 



k 
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The above ex^^Hrnmeuta leticl to the t'otid vision that the filtnition prooess 
givofl rise to tht* juxunniilatiaii witliiu the filter of a eoiiatdenibk' lunoutit of 
organic aiattor of a very stable natiire. This organic matter is cumparablo 
to the bumus of thu soil, wliich rcmaiua tinchanged from yeiir to year, 
unlcäs » very intensive uultivatton i^ Ciirritxi ou. At first »iijrht, therefore, 
it would a|»pear that tiltratioii, without the cultivation of cropa, i.t, without 
the adoption of irrijjation, would uot leaf! to the objtK^t in view. It muet 
bo bi->rne in mind, howevoi% that for seventeen years tlie filti^rs have l>ecu 
receiving sewage at ti rate ten to twenty times m high as could [Kissibly 
bave been treatod on the miina areii by irrigation. Moreover, the clogging 
docfl not extend to more than about a foot below the surfiw^, and hence it 
can at mont T>e a (question of removing the npper l«yer of sand and either 
washing and replacing it or pi\ividiug fresh material. 

The applicability of land filtration does not appear to me to be soriauely 
called in question by thin gradual clogging of the soiU The coat of 
regeneration by some nttioual method should Ih? ccmiparatively smalb 

In Germany intermittent filtmtiou has not been adopted to any great 
extent. Case» do occur in which sewage, chiefly from umnnfatHnriTig 
oficration&j hau beeu ullowed to trickle through sand, often in the m^mc 
manner as wa» adopted forty years figo at Ealing, where Franklaiid 
calculated that the filter surface was six hundred timei* too t^mall. Such 
eases can hardly be considered as iutermiiteut land tiltratiiuh and tbey will 
therefore not \m dealt with here. 

Where a thorough purification of the sewage is necessary, and where 
irrigation canrjot be adopte<i| there is at the preacnt day in (lermany a 
tendency to adopt artificial biological methods. In some djÄtrict« these 
metiioflsarc very exiiensivei bccansie filtering mediimi^ such *is clinker, broken 
bricks, »tones, etc, is not fo^md in the neighbourhood. For hind filtration 
only alx3iit one-tenth as nmch land is neeeasary ika for irrigation, and hence 
preparatory work may be undertaken on the smaller area, which would be 
out of the qnestitMi for the large areii necessary for irrigation. A case is 
known to me in which land was made very s^uitable for intermittent 
filtnition by simply romo\4ng the surface layer of alniost Impermcalile s*>jI 
to a depth of al>out half a yard. It seems to me ipiitc possible that similar 
coiHÜtions prevail in other pluces, and 1 liave formed the imprxwon that 
laud fillrution might attain practical importance iu (rermany. 

Maturing of Filters. — The question as to the time of action and period 
of rest iinMt suitable for land filters seems to require further elucidatioii. 
Frfuikland recoiiuuended dosing the filters for six hours out of twenty-four. 
At Brockton, its we have aoen, the daily quantity of sewage is discharged 
ti> a Hlter within half an hour, whilst at FramiuK^hatn the sewage is dis^ 
charge* 1 on to one filt^T for a whole day* The ip »est ion si^enis to be of 
immense practical importance and one which lends itself to experimental 
iutjuiry. 

// ^mvtkßiü Js dischargefl on to a sterile sandy soil, the etfluent i& not 
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purified at first. A sand filter 1 yard deep was treated every third day with 
6 inches of septic sewage, equivalent to 2 inches per day ; oven after four 
doses the effluent showed a reduction in the oxygen absorbed of less than 
50 per cent, and was putrescible. After the fifth dose the effluent showed 
a reduction in the oxygen absorbed of over 60 per cent., and was non- 
putrescible. The results are shown in diagrammatic form in fig. 87. 

In Massachusetts this maturing of the filters is measured by the time 
which elapses before nitrates appear in the effluent. Land-filter effluents 
containing nitrates are usually non-putrescible. In Massachusetts the 
period required by the filters to reach this stage was about eight days in 
simimer and two to three months in winter. 

If a quantity of sewage, equal to the water-retaining capacity of the 
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Fio. 87.— Purification effected by Intermittent Filtration. 



filter, is poured over a " mature " filter, 3 feet deep, ten to twenty minutes 
elapse before the sewage is discharged from the bottom of the filter, if the 
filtering material is suitable. It is generally assumed that this effluent is 
derived from the preceding dose of sewage and not from that just poured 
on to the filter.^ If, for example, a filter 3 feet deep and with 1 square 
yard of surface, constructed of material to be described later, be dosed with 
about 45 gallons of sewage, only 4*5 gallons are discharged from the filter. 
If now 2 gallons are poured on to the filter, either at once or after a few 
days, 2 gallons are discharged ; if 20 gallons are poured on, 20 gallons are 
discharged, and so on. Thus the idea has become prevalent that of the 

1 In the Twenty- Second Report of the Massachusetts State Board of Health an 
opinion is expressed which is the same as that of the author. Other opinioi\& «a^ccw^ 
however, to have prevailed at that time, eveu in M.aaai\c\\\i'&i^\X«. 
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fresh 8€wage piiircd an to the filter a vohmiu equal to the water-retaiiiitig 
capacity reniaitKxl in the filter^ und only displaced wat-er which was 
previously in the filter, ho long as the charge was l>elow the* water-retain- 
ing capacity of the filter* On account of obaer rations made witii artificial 
Ijiological filters^ I have bad my doiihfcs as U.* the uurre^tnesa of the al>ove 
view, and, in order to solve the prol>leai» I have had snl)at^ince» added to the 
sewage. Sodium cMoride is not very aoitable for this purpose, as it already 
exists in sewage. Potassium imlide and colouring matters, äuch as 
fiuoreacelu^ which are not absorlKKl^ are more sui bible. When such sub- 
stances were added to sewage, antl 44 gallons of the sewage poured over a 
filter, I yard deep, and having 1 sijuare yard of surface, with a water- 
retaining ei^pacity of 18 jier cent, t\t. retaining 40 gallons of water, and 
the efUueut collected in quarter-gallon portions, the fourth quarter-gallon 
cont/iined potaa^ium iodide or fluorescein in the aame concentration m the 
sewage added. These experiments repeatedly gave the same result, and do 
not leave any doubt that the sewage entering the Hlter correBponds to the 
effluent obtained ten to thirty minutes lat^r, 

Thiä experiment it* all the more interesting because only a very small 
imiount of the dissolved organic tiiatters in the ae^iige renuiined in the 
eiHuent. Instead of organic nitrogen, nitric acid was present in the effluent. 
If, inätemi of sewage, a solntion of albumen wjxä used, the effluent was free 
from alhnmen. (I the filtcsr liad been niatnred with a si^liition of albumen, 
the nitric acid in the efilueut disuharged ten to thirty minutes later corre- 
spondei! t«> the amount of albumen added to the filter. 

Abfiorptiou or Colloidal Theory of Sewage Purification.^ — How are these 
facts to be explained! As we have seen, Fmnkland assumed that the 
difiBolved organic matters were oxidised by the oxygen of the air ctai tamed 
hi the pires of the siinrl, as the newage percolated through the ttoib After 
the importance of micro-oj"gaui«m8 for the process of nitrificatton htwl been 
denioustraU^d during the years 1^77-1890 by the experiments of Scldoesing 
and Miiutjc, an well na by those of Warington and Winogradaky, the action 
of the filtei'^ was explained in MasstielumettH by tissutning that the bacteria 
iu the sewage and in the filter directly mineralised the organic matter» 
during the slow flow of the sewage through the filter, Thia was a possible 
explanation so long aa it could be assuniml that the sewage remaine<l for 
about three days in the filter ; but when it wm shown that the sewage 
left a 3-feet filter thoroughly purified within ten minutes, and shaUower 
filterte in shorter periods {cj/, an 18-inch filter in five minutCÄ, an 8 inch 
filter in twenty-sis seconds, and a 4 inch filter in twelve seconds), the 
alK)ve explanation fell bo the ground. It cannot be assumed tliat micro- 
organisms deeom[Xkäe highly complex nioh^ulets of orgs^uiic substances 
within a few minntes or seconds, with tiie fonuation of ammiaua and 
nitrogen gas, and oxidise these substanee» to mtrie aeid^ organic carbon to 
carbonic aeid, organic sulphur to sulphuric acid, etc. It can only l>e 
jijitnijmed Ümt ik^ düaalv^ organic uw^iUr» are fint «epa^^tiimi /ram the 
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immtife during it» pfumge fhraitgh the filter, and are retmtied in ihe filter 
to be (hcomposed mul oandiseil hy the mki'^cmjamtin» during the Encceed'- 
itig perioil of rmi. 

Experiments iti aupport of this* explimation would have to l^e directod 
to three queötious : ( 1 ) Mö^^ihankal filtrjition, {2) clieiiiicfil eorii hi nation, 
and (3) abBorption. 

With the question of mechaniml filtifttion T dealt fully ahout ton yeai*a 
ago. It may be regarded sm certain that filten^ re tu in nioehrtriicidly the 
coai'ner siUt3i>etKled j^olida, and tfiat whtni tlicy begin to chi^ up the filter 
hner |>articles are retained by the «ludge^ «0 that the filtmle lieeonies 
gradually clearer i\si the clogging of the filter proceerls. The sepiration 
of the diKsoh'ed organ if Kolids simply hy nieehanieal filtration seems, hovr- 
ever, imposäible, The dissolved organio solids piss throngh the finest sand 
filter, and cTcn through fine filter-imper or bacteria- proof eitr then ware 
filters, without suffering au}^ appreeialih; diminution in qiiautity. Even 
Bolutions of albumeuj whieh, m will lie deöcribed later, would be uioat 
likely to be retained by mechanical filtration, yield filtrates containing 
uliuost exaetly the same amount of organic matter as the original solution, 
A solution of tilbumen with an oxygen alvsorbed of 9-82 parts per 100^000, 
when filtered through a bacteria-proof Berkefeld filter, yielded a filtmte of 
which the oxygen ahwirbed was 83 parts j>er 100,(K)0. Such a filter red need 
thi' oxygen al)sorbed of a sample of sewage from 1947 to 17*30 parts per 
100,0(K). The process of filtration did not alter the character of the liquids, 
fur both filtrates were still putreaeible, Tn sx>ite of such results it htm 
recently been pernistently uiaintaino*l that the process of pviri filiation is a 
mechanical 51tration^ This erroneous hypothesis is probably dne to 
irrelevant and misunderatood experiments on solutions of albumen, carried 
uut by the aid of the nltmmicrosicope. hy means of this instrument it 
was thonght that it would 1« possible to show that in albmneu solutions 
the albumen exists only in suspension ; it was even expected that the 
moleculea of albumen would l>e rendered visible by means of the nltra- 
nderoseope. Such ideas have been found to be erroneous. Moreover, so 
far as my numerous experiments on this fxiint are able to show, the dis- 
soIv*h:1 matter in domestie sewage is UKually free fron» true albmnen. The 
above eonMiderations have convinced me that the action of sewage filters 
IS not due to mechanical filtration. 

Ho far as experiments with solutions of albumen and similar substances 
are able to sliow, eh^jnictil pijmhinatmn in also not the catise, In sewage, 
however, substances are usually prem*nt which tnigbt possibly unite with 
sulistanees present in the filtering matenah As an experiment I had a 
biological filter dosed with a dilute solution of acetic acid. Although the 
solution pMFLsessetl a «trougly acid rea4:^tion, the filter effluent wjub neutral 
and coutatued onedmH of tlie aeetie acid in the form of acetates. It would 
lead us too far to deal here with all the possible conibination« between the 
constituents of the sewage and the matorial of tlic filters, \\* ^3w^cä^^aK?«- 
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ever, Vw mentiooecl that for mmv of the yiibsUincea chara^cterbtic of sowage 
both chemical combination a.nd aliHi>i'j*tion are fKiö^ihle ; mich Hub^tance« 
are, for example, ammonra und sulphnrcttt^d hyHnt*^n^ Htnuetjme« bio- 
logical iiitcfM betoriie bliwk, diit« lo the presojice of large quantititis of 
sulphide of iron ; this ia eäpedally the case with overworked filters. In this 
oftise the sulphorett^:i liydn.>get» has been either directly or indirectly 
ehemically conibine<:l witli iron. If air h adnnttotl to auch filtern, the 
sulphide of iron is oxidised with fonnatiori of sulphuric acid, and the black 
colour disappeaj*»* It i«, however, a fact that the larger jKirtion f>f the 
diünolved putix^Hcible mattera in newagc cannot be retainefl in the filters 
by chemical combination, Chenncal reactions which would enable thl» to 
take place are nnknowu. 

Hence, an explanation of the purificaition proet^K« must be sought in 
ahs&fpiton phenomena. As early as 1 897 1 came to the öonciusion that 
the bioloj^ical purification of sewage is in all case** commenced by almivrptive 
action. Since then this conclnsion has been repeatedly »nhniitted to the 
test of experiment, always with the result that it has been fully oon tinned. 
Frum. various sides, reasonable an<l nnreasonable objections have lieen taken 
\a> my theory, bnt on investigation the objectiorm to the absorption theory 
have been proved to l>e im founded. 

Bearing in mind the hetcroijcneous and continually varying composition 
of fee wage, it appeared in the first instance neeesgar}' to work with solutions 
of the varion« substances which are present in sewage. The well-known 
fact thik nou-dialyaable aitbstaneea of high molecular weight, such as 
albumen, arc more subject to aljsorptioi] than simpler couipoundä, was the 
cause of many samples of domestic and ttiwn sewage being tested for 
albtimen, in orfler to see whether the intenwo abst>rptive action exerted by 
a matured filter on the dissolved organic matters in sewage may be due to 
the presence of such colloids. The eiperiments have all shown the al^sence 
of albumen, but the presence of peptone-like pnxlucts of the decomfH)sition 
of albumen. These substances are dialjsable, but they are aljsorbed like 
albumen, A strongly putrescible but dialysable solution of peptone may 
be converted by treatment on a mature^l intermittent tilter in a few 
minutes into a non-putreacible liquid. 

Recently it has been maintained that a correct eiplanation of the 
aljsorption theory m only possible after it has been shown that aliout 50 
per cent, of the dissolved organic matter in sewage is not dialysable. Such 
an idea is erroneous, because after removal of -~>0 3>er cent, of the dissolved 
organic Bolidä tsewage still remains putrescible. Those who have workerl 
at absorption problems know, not only that complex molecular unflialyaabl© 
substances are most readily absorbed, but also that dialysable substances 
oan be absorbed, Eicperiment« undert*iken to show that my theory is 
wanting in this direction must therefore appear hopeless. 

The numerous publications which have appeared in England under the 
henäuig of the '*ct>lloid theory" are largely by authoi^ who were not 
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aware of my own publications, as 1 have twaertaincrl from persoTml hit^?r- 
t!miröe with tliewe authoii*. 

The iibaorptiou theory han In»!*» graclnally rui?t*gniKc*l as correct by 
ever incrt^^xwijij^ ei fries, m> that, with the pre^ieut-day Uteratnre at our 
diBpQSuU i*'»^y further descriptiou of tbe theory Bctircely seeinti duainihle. 
Yet, ill accordance with the wishes of some of my readers^ I will ^ive a 
short dt^criptioii of the main fonndatioiiö of the theory ao far ma they are 
aiipportefl by cx[K*rimcnts wliieh have lK?en eÄrn^d out on intermittent 
filtration. 

If sewage or other litpiid con twining dissolved oi*gaine inatter is pt)ured 
over a filter constriu^ted of ignited aand, in qutintitiüfi in excess of the 
water- retaining capaeity of the filter^ the effluent eontuina only slightly 
less organic matter than the original lic|nid. If the quantity of liquid 
poured on to the filter is equal to the water-rptaining capacity, and the 
doee is fepeat4*d after one or several daya, the re<:luction of the dissolved 
organic matter ia greater tijan before ; the efflnent is, however, still 
putreaeible. If the dosing of the filter is continued, the putreseibie matter 
in the efflnent is further reduced ; and when the dissolved organic matters 
have bt^^i reduce*^ by 60 to 65 per cent, the efflnenUj are noivputresciblc. 
This stage is generally attahied after the application of four or five doses, 
i,«f. when the filter is only ehargf«! every third day^ after two to three 
weeks. An increasing proportion of the organic luattt-r is thus retained 
in the filter, although it was present In sohition. The separate particles 
of sand become coate^l with a gelatinous film, at first very thin, but 
gnidually increiusing in thickness ; and this film, on microsc^ipical examiua- 
tion^ is seen to contain many Iwicteria and other low forms of life, as well 
as amorphous substances w hich vary with the character of the saufl and the 
aewiigCj but which usually contain in>n. This gelatinous coating or film 
becomes thicker and thicker, thus diniinihhing the volume of the pores in 
the filler, Viut at the s^ime time increasing the water- retaining capacity, fn 
proportion as this film liecomea thicker, the purifying action of the filter 
increases. The attjiinment is nsually tentieti the ** maturing process/* 
A filter is considered mature when its etiincnts begin to contain nitric 
tvcid. The presence of nitric acid is regarded ns a sign that the last stage 
of niineralisation and oxidation hiis Wen reached. It is iisaumcd that the 
film on the "filtering material has a honey-eomli structure, and therefore 
pomGeam an e^iceedingly large surface. In the case of starch, for example, 
the surface of a cubic nnllimetre, after conversion into starch pustc, has 
been calculated at over two million square millimetres. The film lias an 
internal b& well as an external surface, and can absorb gases in vei'y large 
quantities, as well as many orgamc and inorganie substances, colouring 
matters, scented and bitter substanceB, resins, tannins, enaymeSj and other 
sulistanees of high molecular weight. In order to demonstrate the ahsorbent 
powers of this film^ 1 have washed out small quantities from hiologiea.1 filtera, 
placed the material in closed bottler provided with manomcteru^ vlvv\ 




PRmCIPLES OF 3EWA0K TREATMENT. 



ndnutte*! known vol« in es of ubsor>)<ible ^ases, such as oxygen and carbon 
dioKidc. After h ver}* abort iiitie tke umnotuet^^rs fihowed a dim Emit ion in 
f»n'«.suri?, an iTicreaüing diinintitiou l*cing olwerved ft« the gases were 
a) hurtled by the Hhid|^o. 

If He wage, Boliition» of albuiiien, or muiilar liquids are poured over 
a tmiture (ilter^ iUv dissolved organic eolids are absorbed and n.*tained by 
tJic abovü ' mentioned hhu much more readily than Ijy freshly iguited 
gi'avel. This increased absorptive power ia also poesessorl by certain kinds 
of gravrl Clin Ulli ling btrt^t.^ ipMiatilies of iron, Miu-b as in found mi the North 
Cjorrmiji Pliiin* After tlie sewage hiis paMm»<l tb rough the filter, i.e. after 
a few sieotmd« or tTuniite«tj accartüug to the aize and depth of the altering 
mat4?n!il, the ir^ineH of tbe atmoi^phere enter the pore** of the materiaL 
Ti>e rrtjiined organic matters are decompoHed with the aid of mic*r<»- 
orgatiiüniH. The Hl>»orbed oxygen in thus u»ed up and rephic^^i by fresh 
oxygi^u from tlje air in the pore«. This CAUses a partial vacuum in the 
pore» of tiie filt<.^r, and the Hurrouuding air m dmwn in \v itli eonsideral>le 
energy, ity meanu of an ox|7eriment I was able to show that tlie oxygen 
wai* drawn in, even through very narrow gla«8 tnbes from a closed vessel 
4.u>jnjected with tbe filter, with »ueh energy a» U> catme a considerable 
diminution of preawure in the vet^eb The oxygen then oxidises the 
organic matters which have been retained by the filter and broken down 
by tbe action of nnen>orgainHms. Tlie procef» is aceompanied by the 
prixhictiuii of cünHiderable vol n nies of earlxm dioxide, which is partly 
abKorl>L'th partly leavea the filter with tbe next charge of sewage^ and 
partly etwapea by gaaeona diffusion. The atmoaphere over a biological 
filter contained 0"fi per cent* of carljon dioxide, i.e. twenty times üh nnicb 
aa is present in the atmoaphere normally* If pnre water is ponröd over 
a mature filter it is soon diseliarged eonUiining cansidcrable quantities of 
carljon dioxide, A second dt>se als<> contains carbon dioxide, find the 
pniceas may be carried on for montlis without exhausting the carlxtn 
dioxide, thns showitig that the organic carbon of the retained organic 
matter m eon verteil into carbon dif^xide. The organic nitrogen which has 
I been Hlisi>i'bed is convorteti into nitric acid and the organic sulphur into 
I snlpliuric acid. We found, for example, in tbe eiünent from a filter 
I nu!eiviug a stilntion of albumen containing 100 parts per 100,000, on an 
I ffcvcnigc fri*2 jiarts of carbon dioxide, 4*0 parts of sulphuric acid, and 8^0 
I parts of nitric acid per 100,000. 

j Tbe sulpbnric acid in the effluent eorresponds almost exactly ta the 

I organic sulphur in the solution of albumen ; whilst the nitric acid only 
I rcpresi^nts a little over 20 per cent, of the nitrogen in the albumen. 
i About 5H jjcr cent, nf the toUd nitrogen is found in the effluent ; besides 
jj the nitric acid, 1 i>er cent, is ff mud as ammonia and 25 per cent, as organic 
I ni trugen. Alxmt 42 per cent of the nitrogen from the albumen disapfwars 
B either in the gaseous form or accumulates in the h minis, wbicli is deposited 
A in the filter* A considenible ^mrt of the carbon of tbe albumen also 
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disappears aa gaseoii» carbon dioi^ide, but a part ako goes to form the 
bumny which accumulates iu the Hltc^r. 

The formation of nitric acid m dei>endent u|mhi tlie artlvity of micro- 
orgniiiKiuH, tm has bct'n showti by Schloesinj^ and Muuta, Waring too, 
Wintigrad«ky, and others. How fur this is alHO the c^isc for the formation 
of carbonic and »ulptiuric aeida has not yet been determined* If the 
activity of the miero^rfjanisms i^ inhibited by adding diainfectiint« to the 
Jiqukls with which tlic filtorw are c liar 14 cd, the fonnation of nitric acid 
eeaaeH. The effluent« are, therefore, free fn>m nitrie acid^ but at firsit tiiey 
arc 80 far purified as to \m non-putrescible* If the dosing of the filter 
vvitl» sterile liquids h continued, tiie quantity of OT^nnic matter in the 
ciMueut irradually luereajseB^ and the aljsorptive powers of the filter become 
exbauüted. Tlii« state uf exhauätion contiuuea until bacteria are ajraiij 
inlnwjuccd or until the absorbable organic matters are deeom|K>fied by 
ignition or some other means. 

The importance of micro-organisms for the purifie-ation eflTeeted by 
biological tiltens haa been demon stratetl for nie by Dr, (kmwatb m 
follows t — Sterile putrcöcible liquids were jxjured over Hterile filters, every 
care being Uikeu to exclude bictcria. The first portions of effluent showed 
a uertain diminution in the oxygen absorbed, but in the later portions 
this diminution becatue less, and finally ssero* A second sterile filter \vm 
similarly tre^ited, with the exception that no care was bestowed on the 
öxclnaion of baeteria derived from the atmoepbere. In this filter baeteria 
gradually developed, and at the «anie time the purifyin^'^ action gradually 
increased* Under otherwise exiwJtly similar conditions, one filter was 
soon exhausted, and the otherj into which bacteria from the atmosphere 
biul been allow*xl to enter, was not only not exhausted but its purifying 
action increasetl. 

From the above experiments it may be considered pro%^ed that 
satisfactory working of land filters is not possible without the aid of 
nncro-orgauisms. 

Similar results are pro<luced if, instewl of nücrfnorganisnis, the oxygen 
of the air m excluded from the filters. Thij* ts proved by allowing carlion 
dioxide, or better, hydrogen or nitrogen, to enter the filter when the sewage 
is dischargeib Tijc fomuition of earlxju dioxide^ nitric and Hulpburic acids, 
gmduaUy ceases iu this case also, and the elüuentö from the filter l>ecome 
putrescible* 

The almor[>tive action of the filters is thercfi»re (piickly exhaufited by 
©xeluding either micro-orgauiKuis or atm<isplienc oxygen. 

If all intermittent land filter is to work aatisfaetorily, the presence in 
the filter of Qncn>organisms and atmospheric oxygen is not sufficient ; 
certain pc'ritds of rest arc noc*?s5sary, i,t^ during a certain periixJ the filter 
should receive no orgatnc matter, so that the organic matters already 
ali^orbed mav lie det*ouqMJsed and minen^liseiL Kx[K"rimeuts on these 
pbenometia luive been carried out with a filter^ I metre dec^^ tim «vvv^wa&k 
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of which originally hafl an effective mm of 0'24, n nnifom^ity wiefficient 
of 2'2, and u wuter-rGlainiiig capacity of 1 5 5 per cent. The niat'Orial witn 
1 1 »ere fore approximately ideaU Whtjn bbt; filter wasi doyod every third day 
with n fjiiantity of sewaj^e 014 im I to the water-retahihig eapfu'ity, the 
oxygen abtiurbed wa« rctliiced by uioi-e than SO per cent.^ and the ofHucnt« 
containml 5 parts of nitric acid per 100^000. The Uital volume of the 
pore» of the material was 37 per eetit, and the water-rcta^ining e^apacity 
15^5 percent* Id tUe hlter^ therefore, after the disc barge of the sewage, 
the air si^ace wiis 21*5 per cent, of the total volninu of the tiiter* 
Hamples of air extniett^l from the filter at variovm depth», 1 0, 50, and 90 
em. below the surface, were analysed, with the retitilt that, eoon after 
ehnrging, the oxygen present 10 cm. below the üurfaise wjtis 20'8 per 
cent,; 50 cm. below, lf>*2 per cent,; and 90 em, Iwibw^ 12*5 ]>er cent. 
The carbon dioxide present waa 0-3 per cent near the surfnce» l%5 per 
cent, in the middle, and 2*0 per cent near the Iwittom of the filter. 
After standing for a day tlie oxygen in the centre of the filter, and near 
the bottom, hiid beüo further reduced, as will be seen from the following 
table* On the folio wit ig day the percentage of oxygen in the air at lK>th 
these point» began to increase, and on the third day it was present in 
almoet the same qnantities iis at the beginning of the experiment. The 
amount of carbon dioxide in the middle and at the lw>ttom «if the filter rose 
within the first twenty-four huurs t*.» 5*9 and 7*(> i>er cent, resijwctivoly ; it 
then began to mnk, and on the third day had reached 3*2 ami 4'1 per cent, 
reäpeetivclj. 

Air Anata'j^ks het.atino to Consumptiok of Oxyoek and Puodüctiün 

OF CaIIBUN I>[ö>£im£ IN FlLTEHS (itKCKlVlNQ SkWAOK EVERY ThIRO Day). 



Dt-^ptli Sample 
taken 
{cm,) 



Immediiitoly 

aft«r CUargtng. 



After Day a. 



Oxyg«u in Air ttom P'iltor (ptr oeat.}. 



10 
50 
90 



10 
50 
90 



20*3 
12*ß 



20*4 

10*8 

D*0 



20-0 
13*0 
12*0 



Cftrbofi Dioiidt? in Air from Filtor (f«r o«tit.). 



O'ä 
1*6 

2*0 



06 

&^9 

/■a 



O'S 
rr2 
6*0 



ao'4 

15-7 
133 



07 

3*a 

4 1 



From Eiich results it can be concluded that the decompoisition processes 
are most active on the second day, and that on the folluwing day leas- 
oacygen is eonsumed than can gain aooesB U* the filter from the surronnding 
atm<w*phere. These analyses do not show the whole of the oxy^^n which 
is present in the filter ; that which is held alksorbed by the filter films m 
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much more important, as I shall show later, and this oxygen is not 
es bi mated in the above analyses. 

Tlie sjime filter was then used for several months, and charged, not 
every third day, but every other day, with the same quantity of sewage. 
The results of the analyses of the gases in the filter are given in the 
following table. Even at this rate of working, the oxygen consumed in 
the surface layers of the filter can be easily replaced. In the middle 
of the filter the oxygen, just after charging, amounted to 6*8 per cent. ; 
after twenty-four hours it was still less ; and on the second day it 
had risen to 10*4 per cent. There was a deficit of oxygen as compared 
with that present at the same period when the filter was charged every 
third day. The differences observed at the bottom of the filter were even 
more marked. Just after charging, the oxygen present there was only 3 '6 
per cent., twenty-four hours later TO per cent., and on the second day 
4*4 per cent. The carbon dioxide produced was, at all three points, 
greater than during the slower rate of working. On the second day, i.e, 
when the next charge was due, the carbon dioxide in the air at the 
bottom of the filter «amounted to 8*8 per cent. 



Air Analyses relating to Consumption of Oxygen and Production of 
Carbon Dioxide in Filters (receiving Sewage every other Day). 



Depth Sample 
taken 
(cm.) 


Immediately after 
Charging. 


After 
1 


Days. 


2 




Oxygen in Air from Filter (per cent. ). 




10 
50 
90 

Ci 


20-8 17-2 
6-8 6*9 
3-6 ' 10 

irbon Dioxide in Air from Filter (per cent.). 




18-4 

10-4 

4-4 


10 
50 
90 


0-6 1-6 
5-4 7-8 
5-2 8-2 

1 




1-6 
6-6 

8-8 



The same filter was next charged every day for several months 
with the same quantity of sewage. Soon after charging, the oxygen in the 
air at the liottom of the filter was 0*1 per cent, as against 12 5 per cent, 
during the period of slow working. Twenty-four hours later, when the 
next charge was due, the amount of oxygen was still O'l per cent. At 
the same time there was no increase in the amount of carbon dioxide at 
the l>ottom of the filter, as will be seen from the following table. This 
shows that the large quantities of carbon dioxide found during the period 
of charging every other day were really due to incref^ed production and 
not to an accumulation of carbon dioxide in the filter. 
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Air Anai.yhich iiklatixq to CfiN'stJMPTioN iw iHrnns a^y* FuoMtf.rrmN 
OF CAititt>N DiuxiiJK IN F1LTK110 (iiKCBntNii Skwaük kveuv Day). 



Dt?plli Ham pi« 
(em.) 


i 

imniedi^telyafUi 3 Horn'. kUr. 
Charging, , 


24 Hotira kter. 




Oxygen in Air fnmi Filter (fi«r ofttit.)* 




10 
&0 


16-8 117 

11*3 8*8 

0-t O'S 


16-fi 

10-9 1 
1 


Cirbim Dioxide in Air from Kilter (pr cent.). 




10 

50 
90 


S'2 fi'l 
4-2 5 '4 
ii 4M 


3-4 

4^6 , 

4-Ö 



When chained every daj, the effluent from the filter did not contain 
any nitric acid ; whilst, when charged every other day, 3-0 to 4"0 puirta |3er 
100,000 were ül>taine*l, m against 5*0 part» when the filter was clmrged 
every thin! daj. 

U is remarkable that, in spite of the high rate at which thb filter 
wa« opt! rated, the effluent« were alway^s KatiMfacti-jry and iioti-putresclble. 
The reduction eifectod in tiie oxygen alisorhed wa«^ up to the et id of the 
ex peri III en ta, abont 70 per cent. After the filter bad been receiving 
a hiyer of sewage 24 cm. deep daily for three münths it l)ecame imperme- 
able. On aUniding for sevenil weeks it had hq far rccovereti as to bt» iMg 
to deal sat i« f fie tori ly w^ith the original volume of sewii^e applied every 
tbird diiy. In all these experiment» freali crude sewage was employed, 
eorrespimding in eomjKtsition t<J ordinary town sewage : before being used 
on the filters it hw\ only i>3is.sed thronjib a detritus ümk. 

The oxygen found in the air from the interstices of the filter is not, as 
wfis stilted above^ the tc^tal o^sygen in the filter. If a mature filter is 
plactxi Hi a closed vessel eon nee ted with a ga»-li older eontaujing air or 
oiygen, oxygen is rapidly drawn into the filter, as in the case of the 
sludge adhering to the filtering material. This oxygen is chiefly absorlied» 
and is hence not found in the air of the filter. An overworked filter 
which ha*s l>ecomo black, hy the dejxisition of widplnde of iron, turns brown 
when the oxygen of the air is admitted to oxidise the sulphide of iron. In 
a sinnlar manner other oxidisaV>le ,4ubstaiK?(:s arc altered. Oxygen is» 
moreover, accnmnlated within the filter on the siirf^iee fibus hy abst»rption, 
and this abinorption process seemif to be a neoesaary part of biologie4il purifi* 
cation. The following enierimenttH c^irried out under my sufwrviwion suppirt 
this view. A mature filter wiyj filler! with newage so as to entirely fill the 
piyrm of tlie filter; this was ae^^oni pushed by closing the outlet. Air, and 
later oxygen, wan blown into the tilter fnmi the iTott^jm ^ but even after 
aunie days the sewage could not be converted into a non-putrescible 
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lir^uid. The oxygen which is intnxluced iiiki a liltcFj tho pjrcs af which 
are full of Hunid, cannot bt- t'lrbmjrbed iii> in the Ciu^ti of u tiltor vvluch oüly 
ooDlains liquid tu tho extent of its ^^atcr-retaiuitig capacity. The free 
nnaböijrhud oxygen ciiuuot carry mit tho nüccc^iry oxidising aetiotL Thta 
result uf thiti e-x|>ennjeiit ajH)oani to mo to attbrd au e^phumtioii of the 
eaei^etic oxidtssin^ action which tho oxygen of the air eihiljit^! hi IpiologbitI 
iilU?ra. We cannot rcgitrtl the oxygen an bdng present hi tho *>rdiirary 
molecühir »täte, but nnmt aästtnje that it m ozouittod by tlie high 
presaiireä exinting in the gelatinous film, and is thna rendered extremely 
active. 

The incrotwio in the purifying uaüon uf a mature filter \% not to be 
oxplaintxl entirt.4y by the inereane in surfiiee attraction ; it m als** duo in 
[Wir I to n direct suctiou (resorption) on the part of the ^ehitinous ti!m 
which covers til« fiU^^ring material and which has been formed by plauts 
atid animaK Only in this uianuer is it pot^sihle to explain the fact that 
a niaturu filter retains »ogar, urea, and other non-atmorbahle suhätaiicoH, 
00 that tiiGse do not appear in the efHuentö from land HlterH. Theiie 
actions were invcgtigattHl by me a few years ago in tlie ettttieut from a 
»agar factory and later in the sugar-containing eEllncnt from a dairy. 
Sinee then Osaiergowaki ium pubbshotl the re^ulls of some important 
estperirnentH in ihiH directiuii. 

Balancing of MaterialM BUppUed to aad Products obtained froii] 
Filters. — The alxive details wotild be incomplete without an attempt 
to wbow definitely how the Mubstances entering the filter are diapoHed 
of. For 8431116 ätibs^tancoö this m ca«y* If, for exan>plej a sohition of 
pure albumen is treated on a filter« the sulphuric acid in the effluent 
correHponds almost quantitatively to the amount of orjranic sulphur 
in the albumen sohition. The problem is more diHicnlt for the main 
constituents of the organic matter, for the m trogen and the earlion, 
The carbon dioxide formed partly diffuses into the air and is l>artly 
retained by the filter; indeed, so tenaciously that a very prolonged 
wayliing is necessary to remove it, A part of the carbon remalnB 
in the filter in the form of very stable organic matter, as has been 
shown by the Massachusetts experiments, and another jM>rtion Wives the 
filter with the efliuent. In the case of the nitrogen, the problem ise^jually 
complicated ; to a certain extent more st>, for tht^ nitrfjgen escapes partly iti 
the elementary state, paitly as anmionia, and partly as nitric acid A 
balance sheet of the nitrogen entering and leaving a Jiltor can tlierefore 
ouly be fumiBhed when the filter is isolated from the atmosphere» 
Dr> Kannnann ha^ carried out an experiment for me on this öubject^ bnt a 
full deacriptiou would CK3cupy tCKj muth space hetx\ The main resiiilt of 
tho oxpLTiment was to «how that in the effluent fnua the filter 5U"7 pr 
cent, of the total nitnigen of the sewage was present^ chiefly as ammonia, 
since the fonnation of nitric acid WiLs not ]>ortsiV*le under the conditions of 
the experiment. The nitrogen oscaping in the gaseous form ik\Ävvv\?t\\R*V ^#3* 
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ti'I'f^ per ccrriU, ai^ hence 17 '5 per cent. iiiu»t hare renudned in the 
filter. 

In Mawta/;hiuettü the effluents from No. 1 Filter contained 69*3 per 
cent, of tlie U^tal nitrogen applied. Within the filter Z'f^ per cent, was 
UmtA r-;fnaining, and it va^ aitmuied that 26*9 per cent, had escaped in 
the i£SiM:»j*ui fonii. Thene figures agree Üairlj well with those giTen above. 

In land filtration the presftence of nitric acid in the effluent iä regarded 
a» a very useful inriex of the condition of the filters. Carljon dioxide and 
Hulfifjuric acid might aL^ be imed in this connection, but nitric acid 
ffinjiuheH a nK>re delicate in^lex ; finst. liecause it is generally absent from 
the cnifle »ewage ; aiKl secowllj, because it is easily reduced, and therefore 
fumuiht:>i an indication of any deficiency of oxygen. The formation of 
nitric acirJ i» apfjarently entirely dependent upon the action of niicro- 
rirganisrnii. Exjieriments which I have had performed on the direct 
oxirlatioii of nitrogenous bodies have not yielded any results comparable 
with the very active oxidation which takes place in biological filters, and 
hence they supfKirt the opinion which is generally held on this matter. 
We have fliscovered, however, contrary to what is generally maintained, 
that not only are the Winogradsky liacteria concerned, but that nitrifying 
organisms als^i exist which transform organic nitrogen directly into nitric 
acid, without the intermediate production of ammonia. These organisms 
form nitrites and nitrates simultaneously. Similar results have been 
obtained by other oljservers, and hence a full description of the experiments 
is unnecessary. 

Tlie following experiment was undertaken to determine in what part of 
the filter the nitric acid is formed. A mature filter, 1 metre deep, was dosed 
with distilled water until the effluent was free from nitric acid. Successive 
layers of the filter, 10 cm. deep, were then removed, and the freshly fonned 
nitric acid was washed out and determined. The results are given in the 
following table : — 



FOHMATION OF NiTRIC AciD IN LaND FiLTKRS. 



Dfpth in cm. 



10 
20 
30 
40 
60 



Nitric Acid (iwirts per 
100,000 of^ soil). 


39-2 
40*8 
36*4 
30-4 
26-0 



Depth in cm. 



60 
70 
80 
90 



Nitric Acid (parts per 
100,000 of soil). 



31-2 
28-4 
12-4 
12-8 



It will be seen that the formation of nitric acid diminishes gradually to 
a depth of 70 cm., and then suddenly in the lower layers, without^ however, 
completely ceasing. 

Land Filtration. — In land filtration, as we have already seen, a layer 
of very stable humus is formed on the particles of sand, and this layer 
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incrca«eu with titiie, so a» U* tliminish the nhii of the jmren of the» filt^jr. The 
WHtur-rutiiiij'nig cupnciij tjf tht* HlU?r ijs iucreased hy this* lajor, hut the 
HL^nitiun in diiiHutihcd, jinrl thi3 ik^wage has greater diHicultj in getting Hwaj, 
The main jK^rtiou (if the deposit occurs^ however, with suit^ible Tiiatorial, 
myAY the surface^ in tlie upper six inches. Above I expressed tlic opinion 
tljat the renewal of tliis layer, either hy removiil and replsicing with fre^h 
materijiJ or hy W!iahiD^% appeared to be with 10 the bounds of praeLieal 
uonni deration. 

In Massaehusetts extended e:^pennient!^ have been earricM^ out, to see if 
IUq actio» of the filters ctiu be increased by a preliminary roniovul of the 
suspended matters froiu the sewage. This preliminary treatment wag 
carried out (1) i>y Mettlemeut, ('2) by ehernieal preeipitation, (3) by ä*eptic 
treatment, and {4) by treatment iu ctjarse coke straiiiiug hltt*ns^ the action 
of which WBH Bup|>ütit»d to be comparable to that of a sieve, but which ought 
to be regarfled ius artificial hicjlogical filter«. The conclusion was readied 
that the removal of suspended matters in iwlvisable iu all causes, hut that 
tlte use of chemleals for this purjio^' is attended with so much expense 
and other diftieultie« that^ when eoui[Mred with the increa«ed a^vtimt of 
tiie filtei^ thus obtaiue*J, their use is not advisable. Tlic itest results 
were, however, obtained with sulphate of alumina. In England, ehernieal 
treatment as a preliminary t^o land filtration wtm recommended liy Sir K 
Fmnkland. Aceordiug to the evidence given before the present Koyal 
tJouimisston, the opinion »eeniB to prevail that by preliminary chemiail 
tro^itment the t[uantitfitive action of hind filters eaii be douhleii, 

Preli miliary treatment on artificial bialogieal filter« will l>e dealt with 
iu the following sedition (p. 153). This was the moBt aati»facU>ry method 
iuveatigated in MiiH«achnKCtts. 

l*rehminary treatment hy meanj of septic tanks does not appear k» 
have created a gcjocl impret^sion ; but iu the Western States i>f North 
America^ Saratoga, Lake Forest, Wauwatosa, etc., fietter results liavo been 
obtained than iu Mjissaehusetts. Experiments in thin direction aa reganis 
land filtnition do lurt appear to have been carried out in Kugland, btit, in 
oonneetion with irrigation fanns, very satisfjietory reaidts* liavc been ob- 
taiued by pi*üliminary treatment in septic tanks (ülrniingham). 

For over a year I have hat! various land hlters under ribservation ; 
[ne of tljewe have received, for purposeu of eompirisoii^ fresh sewj\ge and 
?Mnue septicised «ewage. I have eorne to the conoluoion that the septic 
tre/itmetit eotmiderahly rt?lieves tlie filters, 011 aecouut of the removal of 
suspi-nded solids. This relief more thau counterbalances the di sad vantages 
of the septic action, whieh are largely due to the tank effluent eontaining 
sulphide of iron in euch a tine state of subdivision that it penetrates to a 
considerable depth iu the hlters. A elf>gging of the filters from this cause 
has, how^ever, not yet lieen noticed. Oue of tliese hlters, two metres deep, 
was constructed of Hand, which original ly had an effective nmt* of 0'3 and a 
uniformity coelücient of 1 "6, the w^ater-retaining capacity of the filter being 
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*i 1 *^' |>er cent, of the total volumo, p^ur two rnontlis the tiltor wa« charged 
«vt*ry othin' daj with a layer of sewag« 15 cm, deep, t\^. ut the? rate of 
T'5 cnj. pwr (h\y, ur ovur 60,000 ^aUoiiB per acre per dny, I>unti^ the 
followhig «ioulh the eliai^c mi^ 30 oi«. every otlier day, and for the next 
two Djouths the charge wiu* alternately 30 cm., 30 cm., and 60 cm, every other 
day. Thi8 vHruitiou in tlie rate oi feetliti|^ \\i\n \mT\mm\y Jidoptod in <^nlcr 
to represent conditions nneh a» oiay oceur in iietaal pmetice, wliere a liUer 
may have to deul at timeft with quantities of sewage in exce>*H of the water- 
retaining capacity. The filter bore thi» treatment very satisfaetorily. 
The reduction in the oxygen aVisorhed was between 00 and SO^ and gencridly 
over 70 per ceut. ; the nitric acid in tlie ofHuent amonuted to 7 '5 parta per 
lOOjOOO* Tha filter waa next charged for two monthu every other day 
with 30 cm, and 60 em. of ücwage alternately . This treatment waw alwo 
homo siatisfactorily, the rednctton iü the oxy^eo alNSorbcd Vicing between 
70 and 80 per cent», and the nitric acid in the effluent iK^tween 5*0 and 
lO-O i*artrt per 100»üüO. The sewage also pjuiscil through the Hltor at the 
same rale a» previouHly. If we compare the^e rcäult« with tfjose given on 
p, 14H, they are certainly to the advantaj^e of Beptici«ed «ewage* Fnrther 
experimcntti are in progresH, wliich will afford increaj^icd material for snch a 
eumparisou. 

The amount of aewii^e wliich tins Blt-er is now treating m eqnivalent to 
about 1 HO, 000 ga lions per lie rt' per day ; whereas, by irrigatton, 6000 to 7000 
gallons is the maxinonn ipiantit}^ which can be dealt vvith. (Brunswick 
3200, Berlin about 3100, Freiburg about 5000, and Breslau about 6000 
galloua,) 

As n^gards the degree of purlHeation which can be effect-ed hy land 
Hltration, little c-an be addtd to what has already been said. Physically 
and chemically the eHiueutfi from carefnlly cotiijtructed and well-nianaged 
land filtration work 8 are quite equal to thoöe which can be obUiined from 
irr^ation fai'm^ under the most favourable condition». Tbii* method, like 
all methods of sewage purification, is largely dependent upon local ei reu in- 
stance«, and lienee tbe«e have to be eouüiden'd in each individnal case. I 
believe we already know suthcient to be able to prctlict whether and how 
Huitable a certain soil will be for land hltration, and at what rate it will 
deal with sewage &o as to yield a non-putrescible effluent ; or, still further, 
one which is clear aJid colourless and aü free iis pitftHiblij frouj patbogenie 
organisms. With regard to the lawt point it may be mentioned that the 
puritieation of sewage in the Massachusetts tilten* ha« been e^trritHl so far 
that the uutnl>er of germs per ex. has at times l>een reduced from 4 "75 
mdlionei to 5^ (see Table, p, 1 53). 

(Ireut importance is attacbedi as has alrc^y been mentioned, to the 
pre^ncein sewage of the coli bacillus, which m always present in very large 
innnfM'rs, and which [jossr^öscs a great similarity to the typhoid baeilhis. 
By carefully operating the Ms\**3achn»ettB ft Iters, ßa^'ü/us coli Una hetm 
removed from sewage to the extent of tlie eflftnent ginng negative teats 
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when 1 c.c. was examined, and only occasionally giving positive tests with 
100 c.c. The results obtained show that the various filters remove 97 to 
100 per cent, of the coli bacilli and about 98*2 per cent, of the total micro- 
organisms. As regards the removal of bacteria, I should place greater 
reliance on a carefully prepared and well-managed land filter than upon 
any irrigation area, or indeed upon any other method of sewage purifica- 
tion ; for the artificial biological methods, to be next described, do not 
furnish any guarantee for the removal of pathogenic germs. 

Reduction of Bacteria in Sewage by Lawrence Filters 
(Yearly Average for 1897). 



Nature of Crude 
Sample. Sewtjje. 








Bflluent from Filter No. :— 








1 


3 


4 


64 


i 


U4 
11.40a 

W7a 


10 
4,360 


liA^ 


ISA* 


I* A' 
1.44* 

«ep7 


la* 


fl5' m 


&L 


1 
BdctvriA 1 
I>erF.c 1 *, 758,0« » 








11,701) 




ISO 




£30,000 


tkm . . . 


W7& 


1 
»3 OS aroi 


ss'sa 



Preliminary treatment by sedimentation, precipitation, and filtration. 



G. Artificial Biological Methods. 

Historical.— In 1892, the Twenty-Third Report of the Massachusetts 
State Board of Health was published, describing experiments which 
had been carried out with filters during the years 1889-91. These 
filters were made with gravel varying from 3 to 19 mm. in size, 
and as much as 170,000 gallons of sewage was treated per acre per 
day, or, after the introduction of artificial aeration, as much as 
340,000 to 420,000 gallons. These experiments were repeated in 
England with results which must now be considered as epoch-making, 
since they gave rise to the so-called artificial biological processes. I have 
attempted to draw a distinction between natural and artificial biological 
methods by restricting the use of the word artificial to such filters as were 
constructed not of naturally occurring soil, but which were built up 
artificially. If this distinction is to be maintained, we must regard the 
Massachusetts experiments, and even earlier English experiments, as the 
stArting-point of the development of these methods. It appears to me, 
however, that a second characteristic feature should be noted. At 
Lawrence the material employed in the construction of the filters gradually 
became so coarse that the usual method of applying the sewage failed. 
The sewage did not distribute itself over the surface of the filter, but 
simply passed downwards through the large pores of the gravel without 
being purified. In order to obtain an even distribution, a layer of loamy 
soil was first placed on the surface of the coarse gravely but thl« dv^ \:w^\^ 
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pnwjnce a ijatiflfactory result. Neatt^ an autumatic syphon was const rue IcnI 
to diuiiharji^e «cwä^c on ti.* the filter at regnbir intervals c>f twenty or thirty 
miuuteit, and In this manner it was possible to treat larger volumes of 

aewage than had hitherto lK«eii pcjBaible hv bioloprieail processes. The 
reports on thes*.^ experinjentt* attracted the attention of Sir Alexander 
Binnie, at that time Chief Engineer to the London County Councili and 
of J. CorlHjtt', the llorough Surveyor of Salfoni, The experiini^ntä whieli 
these two gentlemen coninienced, indepi^ndently of one another, have KhI 
to a ooinplete revolntion in the domain of sewage pnrifieation. CJuite 
independently, Stoddart carried out a series of interesting experiment*^, to 
wliich I tihall again refer lat^^r. 

The hiiitcjrieal coursje of events hahs been VÄriotjaly descrilnxl from tinie 
to time. SomQ time afterwai*rls Binnie deehinxl that ho had fur years been 
seeking a more mtional method of di»po»ing of the 1 70 milUon gallons of 
sewage which I^nidon prtKluces daily* atiil frt>m which he obtained alwut 
two million turns of nlndge per anunm. The a[»pearance of the 
Mjissachusutt)^ lleport awakened in bim hopes that he might lie able tf> 
achieve this object in the manner descriWl in the Rep<jrt, and lie 
accordingly commence<J the exj.>eriment«, which were carried out» under 
hiü diroation, by the engineer Santo Crimp and the obemiist Bilxlin 
The jMtsition iif CtirlM^tt in Sal ford wjui wi>rMe than that <>f Binnie in London, 
for the Manchester Ship Canal runii*jhed tiie only means of disposing of 
the aewag€ of a rapidly growing indtiätrial popnlation, and thero was 
no possibility of aflopting either irrigation or land filtration. Corbett 
intended his Hlters to deal with the largest possible vol n me of sewage, 
and regarded thor*.nigh aemtion m a necessity. Hence, following the 
MasüachnHOttö example, the outlets from his Hlters were left open. All 
UiH experinjentK were dirrctt-nl towardi&t diötrilmthig the sewage over the 
sni^ju^e of the filter« in the fonn of a RUn. He first attempteil to achieve 
thiy by means of tronghs place<l a few feot above the surface : he also 
uonstrncted filters in la}er!i| witli ventilating spaces between, so that the 
»ewage fell from one layer to the next like a shower of rain* Ci*ndnallj 
ileveloping the technical dettdls of d'stribntion, in 1894 he trie*! G^y^in- 
mcnts with rot^iting sprinklei-s» and in the same year tidopted fixe<l «pray 
jets* When Cor!>etl s exjxu'imentH with spray jets becanu" known, most 
e3<j»ertä »hook their heads and regarded these fountain-like distribuUjrs tus 
©xjx'nsivc and worthless toys. At the present time some of tbo moBt 
experiencwl engineer n^gard Corliett's niethtxl of distrilintionj which has 
in the nieautime lieen further perfected by othoi-s, as the best, and m the 
out? among all the other methods which is specially suit*ibk for adoption bj 
large t^iwns. It aflVirtls nie great stitisfaetion to place C^irbett s experimente 
in their pr^^per light here, espetrially as he has bcon Uwi m*>dest to come 
forwarrl with any chum to priority. 

The l^ndor» ex|XTiments and the teehoical ilcLails developing ont of 
these hjive, dnring the last fifteen years, ahme been in tlie foregTOund, 
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hihI It hiia gt'iit^rally been asöiimed that the t^xperiiiRnitü coiirluctefl at the 
Ikirkiii^ works fonritHl the hima of ailiHcinl biologiuiil methods. So 
long m interest was c^nttüd in the contact proL^ess, to be descrihtKl later, 
and in ho far an tht^we exjK'rimeyt4i were a dinsi^t coiitinimtiün of those of 
Fraokhmd and tl»e MiiüÄichntn^tl^s Ikjard, this a»öiiniption is warrant-ed. 
8hice, however» for n oonaidemble number of years the con tin none metljod 
of working >i if »logical filtern hiu* been more and more in the fore^mmid, 
it must Ix* ueknowled)Lfed that tfie c]e\'ehjpment of technical detail is due 
to the interpretation which Corbett placed upon the Maösaehusetts 
experiments. 

tiancd directly upon Fran k land *8expüri men to, und not njion those of 
the MaÄstu-^linsetts Ikrard, Stoddart apj^oars, ai? we nhuU see hit<?r^ to have 
\uu] idiniH upon the suhjeet at an earlier date, l>nt thoHO did not att^^in to 
the üaniV practical importance as those of Corljett, The esperiniciitM of 
the latter led to the development of the eontinnons prf>cess, whilst the 
[jmdon cipenmenUt form the biiaia of eontaet methods. 

Contact Beds. 

Barking. — In following tho practical development uf artificial hiological 
proecHseg, it in convenient first to ^ive a dej^cription of the I^ndon experi- 
ments. In June 18Ü0 fonr wooden tanks wore conatructeii^ each having 
a snperhcial area of ^J^^-acro. The first of these was fill eel with bnmt 
ehL3^ the pieces being ahont the ai^sc of peas ; tire socond contained stones 
of tliu iüvme yiaic ; the third coke breü»c ; ami the fourth was Hüed with 
iund and jp-r^vel of varying siise. The fourth hlt>er was used to give the 
sewage a preliminary tn*atment l>efore pase^ing it on to a polarite filtan 
The ettluent pipen from the tanks were coodueted no high that tlie filters 
could he filled to the surfiice with sewage and kept fnll whilst the aowage 
was tlowiiig thiXHigb. Sew*age was passed through for eight hours each 
day, and then the effluent pipe was lowered and the filten* emptied. 
During three montlis working in this manner, the filters produced a non- 
pntrescible effluent when dosed with previnusly pref^i pi bated 1/ondon 
sewage. Tliis arratigement wim at that time reganled a^ a direct imitatitm 
of that mlopted in Mitssaehimetts* Santo Crimp has declared that he had 
been considering for some time the posüibility of imit^iting the Ma^saehusetta 
methrjd of feedinj^ filters aut'omatically by means of syplions on a large 
scale, and h?ui conje to theal^jve ileöcribe*! arrangement. In Masäachtisetta 
the feed wa« discontinued every twenty or thirty minutes» and hence the 
poi*es of the filter were never completely filled with sew^age. In Lotulon, 
however, the filters were completely full of sewage ffir eight bonr^, and the 
resnltü were hy no nteans espial to those prod need in MassacliUHett«. It 
was, however, cousideTetl quite sufficient for the fet|uircrnents of London 
if the effluents did not putrefy nor the filters become clogged. 

In November 1892 it was decided to construct a slnuW ^\\&\^^\^ ^^ucx^ 
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ill area and filletl to a depth of 3 feet with üoke breeze, Itaving a, 5-1 ncU 
layer of gravel on the top id order to keep the coke down. When opürated 
in the Biimo manner as the smaller til ten*, tKi» large filter <iid not produce 
thu rL4[iiired rt'oultB. The filter moii becanie cliJ^gCHi, ami aftor six wueka' 
operation the clHuent wa» putreacible» After twelve weukti the filter wuukl 
seureelj allow tbe sewage to pikss throngfi, altliongii it had only received 
eheinically proeipitated sewage, Fiuallj, the sewage stood ak iiichea deep 
on tbe tjurfaee of the filter. 

The üffieial report hy l>iljdiu states» that it hatl been learnt tijat the 
tilter should be worker! intennittentlji and ahoultl at first bo worked at a 
slower rate tlu*n had been tlie ejij^c* Tlie filter, which had l>een worked 
Ui death, waa allowed to stand for tlirco and a half month». After three 
Diontha tbo putreseent udour of the filter l>egan to disapi^ear* From 
Novetnber 17^ lt!94^ the filter was Hlled and allowed to stand full for two 
hours, after which it wan emptied. In ihia manner excellent results were 
produced. The capftbility of the filter was so promising that Dibdln was 
able to reconnnentl the town of Sutton to vnidertake experiment« with 
sewage wliieh hm\ not prt^vionsly been chemicailly treat^xl. 

Sutton. — Freliminaiy experiments with cUrified sewage carried oo at 
Sutton during 18U4 had yielde<l result« so satisfacttn^ that DilxUn's 
rectum mendation» were carried out. Biological filters were eoustrncU^d of 
burnt clay and fed with sewage frooa which only the coarser mi upended 
solidis had been removed by screening. The Hltom were operated in the 
sjimo manner fui the London coko-breezo filter, by alternately filling and 
emptyings a mothofi which is now known as the contact method. At 
Sutton 750,000 gallons of sewiige were treated per acre daily by this 
process, tso as to yield a non-putrescible effluent. The oxygen alkKorbetl 
wa« redneed by ä^6'ä per cent* The efl^luout from tliis filter was submitted 
to a seeond treatment in a similarly constructed and u[>erated filter 
containing coke hreesse. The effluent from this second filter was clear, 
colourlesH, and without smelL It was calculated that during seventy-six 
days, 77 tons of sludge had been retained by tlie biological filter, and it 
was Vvclieved that this sludge would 1>€> decomposed, Le. liquefietl and 
gasified. At any mte the msults vsere «o promising that the town of 
Sutttm abandoned the methods of ühcuucÄl precipitjvtion and irrigation 
and fiefinitely adopted the new protjess. Similar experiments were soon 
commenced at Manchester, I>eeflH, and other English towns, with the 
result tfiat tfie favourable observations made at Loudon and Sutton were 
confirmed. 

The results obtained in the Euglinh experiments were a decided advanoe 
upon those obtfiineil in Massachusetts^, ho far as the quantities of sewngQ 
treated per ftcre were coiicertHid, In Massachusettis the practical result 
of intermittent filtration hacl generally been the treatment of a layer of 
sewage 3 cm. deep daily; in the Lawrence experiments IL6 cm, had 1>een 
t,reute4 dailj, or 40 cm, after prelimLnary chemical treatment. lu Sutton 
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II filter on I J 70 cm. düop hnd tr^aUni a layer of crudö «öwagf HI] cm, deep 
fiail}% rind ha<I couvert-eii it into a tjt>ti-putrewjl*Ui utHueiiL LiU?r, cxpeH- 
mentH at lA^cds gavo 45 cm, for crurle höwri^c, uvur ^^0 em. for the yflluet^l 
fnmi soptir tatikH, and a8 moefi hh 130 mii. for eliemiuHlly jfrei-ipiUU'^l 
stowage ; whiht at Almiolieat-er, after treatuicnt \n aoptju timkHj a layer 
62*-^ cm, dfHsp waii eHiciently treated daily. 

Theae results at once attnit^ted attention in the vvideat cirelt'B, Tiiey 
were dhcnsöed not only in technical jouriialn, but also hi the daily prcMS. 
ill England the time wait ripe for the adoption of »uch metbwls Tlie 
Knglitjb ri vera were Bcarc^ly any better than a qnart-or of a century l»efore, 
in spite of the Ktepf* wlii^h bad bttm taken by the anthoritieH, Tbe sewage 
problem was at a »tand^till ; no advance was being made with irrigation, 
and chemical niethfxls had prove<l uasnccessfuL 

NiH-tnrally, the heart of every town councillor le*vpt with joy when he 
was asMorcd by exptsrts bolding resiptMiHilile posititinw that the aewage 
problem was solved ; that pxpcnsivo palliatives, like chemical treatment, 
upon which even »mall towna like Sutton, with IHiOOO inbnbitants» 
wore spending £1000 or more annually, could be done away witfi \ 
and that a method bad l>een ^liscovercd which would coät praeticidly 
nothing, the adoption of which, for oven only half of tlie sewage in 
Elugland, wotdd mean an annual saving of at leatst siicty million pounds 
sterling. 

Hamburg Experiments.— In the apriiig of 1Ö97, when such wonderful 
newa wää being circulated, the Hamburg authorities had to deal with u 
most di Hi cult problem in cümieetioii with «ewage dispisaL The large 
Alster Lake has a world-wide reputatian for its beauty, but at thi» data 
its purity and, since it lies in the heart of tbe tciwn, its very existence 
were tbreatenetl by settlements which were taking place with increasing 
nijndity in its gatliering ground. These »ettlcmonts were largely outside 
the Hambuit! boimdarifm, in another of the Federal States, and were 
gnwlually becoming town-liko in c ha racier and adopting the water-earria^jo 
system of se wenige. The author i ties were iMtnctionitig the discharge of 
the sewage, after sitnple chemical treatment» into the tributaries of tlie 
Alater, If these schemes had Iwcn carriccl out, Hambiirg would have 
been forced to fill in the Alster within a few years, I cite tlüa example, 
not because I consider it the Tuost important, but in order to show that 
at that time there was a serious gap in the practice of sewage puriHcation 
vvhicfi could not l»e l)ridg€>d, under the cf»nrlitions oj^isting in Haml>uri£^ by 
the application of land ßltration. A visit to various English works con- 
vinced me tliat sewage was being treated l>y the new method, at rates 
which up bi that time had l>een considered rpiitc* impossible. The wuiks 
T saw and the methods of o[*eration w ere äo very similar to those for land 
tiUmtion that I inquiretl of tbe experts in charge what there was new 
alRmt the methtKb The newajmper» re|iorte<i that the mothcKl was new 
in that tJie sewage wits no Umger allowed to ilow continuoaal^ ^W^-^^^v 
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the ftUvor, but wa« fed intemiittontlT, and tlvat the filt<era were inoculated 
with livinj: nrgnniutus wliich dif^oattui the ahidge n^tahied l>y the filter 
and thiLs prevtMited dogifiui^. a dirti unity with wliich avrlier attenijit^ at 
sewage Hltratiuu had hm\ to fij^lit. Of thia dt-ntrut-tion of sbidge it was 
said : "This is seHjured by tirat ptitting in orgauiom» which have the uaaty 
tasta to feed and tl»rive on refuse." The idea became prevalent tbat the 
filteis were inüculated with bacteria wblüh were able to ix)n8ume the 
organic matter« out of the sewage. It was aafiuiiied that this mm 
ar.com pushed whilst the filters were full of sewai^c. The object of altowiiig 
a period of rest after discharging tbt^ pnritie^l J^wage was to wait "until 
the filth destroy ore again get hungry and ready to perform their office/' 
These öludge-eönsuming Vjaeteria |jossessed eousiiderable interest for nie, 
especially as my own experiments to discover bacteria which wonld l*e 
able to accelerate the decomposition of organic matters in sewage had 
remained without result It then appe^ired, however, that no more favour- 
able renulth hiul been obtained in London from e x peri j wen ts t^itrried out with 
this object in view. Pure culturea of bacteria were not employed, and 
the whole matter iH^stetl ujxm a theoretical assumption* The experiments 
würe Mimply attempts U> imitate on a larger scale those carried out at 
Lawrence with Filter No, 16a, using the modified method of operation 
alxTve deserihefh -'Lud alao coarser ftltenuf^ material of coke^ clinker, and 
broken brieka. 

Just as in MasüJichusettH it liiul been believe<i that the Imcteria deeom- 
jK)sed the dissolv*?d organic matters whilst the sewage vvas passing through 
the soil, so in England it was tbougbt that tbi8 de«omi>ositiotj to<jk place 
whilst the sewage was statu Üng in the filter. The coke and other muterialR 
were assumed simply Ui Foru^ ii nidus ftir the l«ict4.'ria, and at the same 
time to distribute the sewage in drojts through the p4)res of the filter, so 
that vtuih dmp con hi be attacked by tlic micro-fjrgani«mi*. Fiiuu this view 
arose the name of "bacteria Wl " for this form of filter, and the methtxl 
WiiM Uirmed **l>acterial purification." It was asamned that the energy of 
the Iww^teria wji« ho great as to decompose the suiisUmees to such an exUjrit 
that no clogging of the filter would ever *>cciir. In sfjme fiuarteiii it was 
even asserted tiiat sand and mineral detritus would be deatrojed by the 
bat^teria, so that even from these substJinces no clogging was to l>e feared. 
Such viesvs could natunvlly only l>e regarded aa exaggerations. Tlie 
(piestions as to whether the decomposition of tlie organic matter» occurre«! 
whilst the filters were st'inding full of sewage, and whether the decomposi- 
tion ccadd take place without eüdangCTing a gnuhml ehtgging of the filters» 
apijeared, liowever, to be of oonsidemble importance. Wc ha\*e therefore 
condueted a hnig series of experimenls in order to elncidivte tht^e questions. 
The pnictieal importance uf contact Vieds has been considcraljly dijuintshi*d 
by the developnient of percolating filtci's, which possess grejiter ca|mbilities, 
but the results of the Hamburg ex^jeriments are of espial scientific and 
pmciiofil importeiüce for Ixjtb tli^se methods of treatment. A short de- 
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scription of these experiments therefore follows here. They were carried 
out (hirinjr the years 1897 to 1900. 

Are the Dissolved Organic Matters in Sewage Directly Attacked, De- 
composed, and Mineralised during the Period when the Contact 
Beds are Standing Full ? 

If a tank filled with pieces of clinker is allowed to stand for a few hours 
filled with sewage to the surface of the clinker, and is then emptied, the 
effluent is non-putrescible and contains nitrates, even althoujrh the sewage 
originally run into the t^ink was free from nitrates. If these changes are 
due to a direct decomposition of the dissolved organic matters by means of 
micro-organisms, it should be possible to show that the decomposition takes 
place gradually. In order to test this, six filters were constructed of exactly 
similar size and of the same material, and they were charged simultaneously 
every day with the same sewage. The first filter was discharged after 
stiinding full for half an hour, the second after an hour, and so on. The 
results are shown in the following table : — 



SuDDKN Reduction in Oxygen Absorbed effected by Contact Beds. 



Oxygen absorbed (parts per 100,000). 



Crude sewa 



»rage 
(filtei-ed) 
Eftluent from bed 1 



Time Bed 
standing 

full 
(hours). 



Day. 



0-6 
1 
2 
4 
6 
12 



Ist. 


2nd. 


4th. 


6th. 


9 07 


12-30 


9-30 


11-42 


1 6-86 


4-10 


4-37 


3-67 


3 -62 


3-67 


4 07 


315 


3-22 


3-07 


2-62 


2-27 


2-87 


277 


2-47 


2-00 


' 


2-92 


2-32 


1-85 


1 2-77 

1 


1-76 


1-76 


1-67 



Percentage 

Reduction 

I in Oxygen 

I Absorbed on 

6th day. 



68-78 
72-48 
80*09 
82*49 
83-81 
86-21 



The tjible shows clearly that the reduction in the oxygen absorbed, 
which may be taken as a measure of the changes which have occurred, is 
not so great on the first as on the following day. On the sixth day the 
filters were so far matured that they effected a considerable reduction in 
the oxygen absorbed. Even with only half an hour's contact the oxygen 
absorbed was reduced from 11-42 to 3*57, i.e, by 68*73 per cent., and the 
etHuent wjis non-putrescible. By a longer contact the oxygen absorbed 
was further reduced, but not by any means at the same rate. The main 
portion of the purification had taken place, therefore, during the first half 
hour. The experiment was repeated, allowing the first filter to stand full 
of sewage for five minutes, the second for thirty minutes, and so on. Tbe, 
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filters were now more mature, and within the first five minutes the oxygen 
absorbed was reduced from 13*87 to 234, i e. by 83*2 per cent. The main 
portion of the purification had thus been achieved during tlie first five 
minutes. The separation of the putrescible matters in solution does not 
therefore occur gradually, as would be the case if it were due to the direct 
decomposing action of bacteria, but quite suddenly. This sudden reduction 
of the organic matters must therefore have some other cause. 

The result of the following experiment also cannot be explained by the 
assumption of a direct bacterial decomposition of the dissolved organic 
matters. A clinker bed was filled with sewage, emptied after stiinding full 
for an hour, and then continuously dosed with a volume of sewage sufficient 
to fill the bed five times, the bed remaining full to the surface. The results 
are given in the following table : — 



Dbcrbase in the Purification effected by Contact Beds 
when worked continuously. 



Oxygen absorbed (|)art8 

per 100,000) 
Percentage reduction 
Odour .... 



Crude 
Sewage. 



10-15 
fiecal 



After 

Standing 

one Hour 

in Bed. 



4-45 
56-2 
musty 



I 



Effluent. 


After Passage of Sewage Equivalent 
to (Fillings) 


1 


2 3 


4 


5 


3-64 
65-0 
nuisty 


3-40 6-90 
66-5 32 
musty slightly 
ftKcal 


7-87 
27-3 
fteeal 


8 47 
16-5 
fseoal 



By remaining for one hour in the bed the sewage was converted into a 
non-putrescible product, smelling somewhat musty, but devoid of any fsEK^l 
odour. The same result was obtained from the second filling ; the effluent 
was non-putrescible, although it had only been in the filter a few minutes. 
During the next filling the purification effected was not so great and the 
effluent had a slight faecal odour. Such results cannot be explained by the 
assumption of a direct decomposition by moans of the bacteria in the 
filters, but may be explained by the assumption of absorptive action. 
It is known that absorption is a" rapid process, taking place, as in this 
case, within a few minutes, and being able to separate considerable 
quantities of dissolved organic substances from a liquid, and also that the 
process takes place repeatedly with the same rapidity until the absorptive 
powers are exhausted. These powers must then be regenerated by the 
action of micro-organisms, i.e. the retained organic matters nnist be 
decomposed and mineralised before the filter can again resun^e ita 
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If a solution of albumen, containing about as much organic matter as is 
present in ordinary domestic sewage, is placed in a sterile clinker filter, 
and the liquid examined every few minutes, it will Ikj found that in this 
Ctuse a separation of the organic matter from the solution takes place. 
During the first few minutes 50 per cent, or more of the organic matter is 
removed, whilst later the action takes place much more slowly (see fig. 88). 
The same action takes place, therefore, in the absence of bacteria as occurs 
with sewage in biological filters. 

This absorptive action may be easily demonstrated by the use of 
colouring matters, such as methylene blue. A deep blue solution of this 
colouring matter assumes a much lighter greenish colour by simply being 
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B'lo. 88.— Absorption of Albumen by Sterile Clinker Filter. 

poured through a mature clinker filter ; if the solution is allowed to stand 
for two hours in the filter it is almost completely decolourised. 

If sewage is coloured with methylene blue, the blue colour disappears in 
a day or two, but on shaking with air the blue colour reappears, and these 
processes may be repeated for weeks. The solutions which have been 
decolourised in a clinker filter do not, however, behave in this manner ; on 
shaking with air the blue colour is iiot restored, l>ecause the colouring 
matter has not been reduced by the action of bacteria, as in the case of 
sewage, but has been retainc»d by absorption in the filter. Experiments 
with fuchsin, litmus, and other similar colouring matters gave exactly the 
siime results. 

By far the largest part of the purification which is effected whilst 
sewage is stjuiding in a clinker filter is undoubtedly due to ab8oq)tion 
(see p. 142). At the same time, to a certain extent, biological processes 
are occurring in the full filter. This may be concluded from the formatioxi 

w 
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of eartwn dioxide which takes pUiee m the full filttT* Ä «ewii^u eouUürjiiig 
nu free carbon iHo\idt\ after Vioitig placed in a conUict !kx1, contfuntKi 6*38 
part» per 10U,000, and, fyurarul :i lialf hours later, II ^51 ptirt«. In order to 
make a olotier study of tUt« prcil»lem I hiul seven clinker tiltenä prejmriid from 
a mature tilU^rj and for a titne these were dosed with sewage re^rnlarly 
daily. They were then tliort Highly well washed out and filled with sewage. 
The Hr»t was discharged after hvc^ tht^ second after thirty minutes, tho 
third after one hour, an<i ho on. The re»ulte of analystJB o( th« efllnents 
are given in the following fcahle : — 

Formation or Cahhon Dioxms in Full Contact Beds. 









Carbon Dioxide 
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PcroonUgo 






Time of 
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Reduction 






OontAcL ; 


CSombincd 
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Free. 


(p4rt8 per 
lOO»ÖOO)i 


in Oxygon 

Ah»>rbe(U 


Gmde iewige 






10*12 


13 20 


a -08 


i)'94 


Effinent frotn bed I 


5 nnim. 


1100 


17 -m 


6*80 


2-06 


7&-2 




2 


30 iniua. 


11*20 


20 äa 


9 (ta 


2-06 


7^2 




3 


1 hour 


iroo 


21*41 


10-41 


2*06 


79 -2 




4 


2 hoar^ 


10*10 


2171 


11 '61 


2 02 


79*7 




a 


3 hours 


11-22 


2i 35 


13 IS 


2*00 


79 -9 




d 


6 hours 


11-41 


21-93 


13-49 


2-11 


78*8 




7 


12 hour« 


ii*6a 


2?'2S 


1&'Q2 


2*00 


79^9 



From 3*08 parts per 100,000 the free carbon dioxide rO!*o within five 
minutes to 6^89 jjju*tö ; in twelve hours it rose to 15-62 jmrts in a full 
contact b«äd. The cotubincd carbon dioxide, on the other hand, did not 
hicrease to any apprceiiiljle extent. The audden rise at first is due to the 
solution of the carlKui diyjide alrejidy existing in the tilter* It might ho 
assumed that tiie iQcrea»e later wws also due to this same canse, but that 
the carlKiij dioxide eotered the sewage more slowly ; and in experinients ni 
whidi bacterial tiction was excluded, thisgiwlnal sobition of eiu'lMjn dioxide, 
whilst filters were sUtnding full, has been observed, but not by any means 
to the «iame extent. We mnst therefore iiHSume that lii a fnll eon tact bed 
we have deeomposJtion proeesae» going on at the Hanie time i\^ alM>rptioii, 
but in the empty bed the decomposition liecomes ineom^mmbly mnre 
intense. 

In the above experiments it is noteworthy that again duriog the first 
five minutes the oxygen absorbed was rod need by 79 "2 per cent., by an 
itmoimt which wns not increased by allowing the bt^ds to stand full for a 
longer period ; generally s]>e4i.kiug, the efleci nhonld be greater the hunger 
the period of action, but in this ca«e tlie filtera hiul been thoroughly waihed 
with rtowage before Ijegimiing the experiment. The above rt^snlts indicate 
that it is not the di^solvwl organie matters in the liquid which are decom 
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pofied with the formalkiii of carliou «lioxide, hut those which had Iwcii 
prt'viouwly »e|Kiriilod hy iil>*?rptiüii. For the oxjptcn ahsaurln^d of the 
liquid 8t*it»iUng in tli6 heii reinaintsd, after having heea reduced hy 79*2 
per cent, during the fimt five naijiiit<i's, piuctitmlly the laime for twelve 
hour^, whore^ifei the ituiuiitit of curbou dioxide rose con&idenihly, 

111 dealing with land filtnaion, it waa ahown» quite in hanuotiy with 
the above view, that not the frtH^ly circulating osygen vtm used up, but 
thitt which ha<i l>een previoiiäly aböurbcd, mid tbut no ab«orption of 
oxygen took place in the full filter. 

The alwve experiment«, together with otbei*H wiiich neetl not he 
deacribetl here, afford a snfiicient explanation of the nipid removal of 
ptitrescibihty which i^ effected by the so-calltd Uieterial purification. My 
experimeoUi have convinced mo that thin Initial purificatiou i» not duo 
to Iwiuteria, but U» absorptive action. The toethod might therefore 
l>e more correctly tenner I the ** absorptirni methofl," Imt such a name 
would convey a very vague idea to many. Hence, on account of tlie 
oxidation prtieesses descril>ed iu the previous section, 1 hu-ve recommended 
the term ** oxidation method." Without tlie aid of rnicro-orga-nmniH, how- 
ever, the process is incomplete, and is therefore on the whole biological ; 
but to distinguish it from the two previously described biological uiethtKla, 
irrigation and land filtnition, which may be iormc^l '* iiatiirjd biological 
methods," Ijeeauso they are carried otit in uatnmhy *>ccurring soilj we may 
employ the term '* artificiui biological motbüds,'" because they are carried 
out in artificially eouHtrncted filtei*». It is uäual, however^ not t-o apply 
the term biological to the processes of irngation and land filtration, and 
heuea, when the term ''biological method" is used, it is understood to 
apply to this new proces^s. 

The use of the word ''* filter " in connection with this procesa is also 
not very suitable, because filters are geuendly understtKid to retain 
undissolved solids mechanically. This action has a certain importävne© 
in the application of biological metliotl^ but the main impirt^Luce is 
attached to the separation of the diBstjlved organic matters. The manner 
of applying biologicjil methods just deäoribe<l was first termefl " iutennittent," 
then '^contact proeess," and more recently other names have iiecn em- 
ployed* Having regard to the further development of biological methixis 
of sewage pnriHcation, it is advisable to use the term **contiUit process,** 
in order to indicate that the sewage remains for sottie tioie in contact 
with the filtering material^ which is not the case in other more recently 
developed biological methods. In the contact process the filters are - 
termed "eontact beds." 

As a restilt of the aliove ex peri m on t«, we may wtate that by far the 
largest portion of the dissolved organic n ratters in the sewage lias been 
first depoHited on the surface of the clinker and retained Uiere ; and that 
whilst the lied reniainw full of sewage, deconi|x>sition occurs only to a 
alight extent^ appartmtly not a decomposition of the substances remauvkv'^ 
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in öolutiüii, hut üf tlume prcviouslj aljm>rbeil, 8iiieo thu uViH^>rptive powers 
of the betli Ix^cümo eximuftted aftK^r repüHt-od fillin^a, a «uwtsiined M^ilivity 
m only i^tB^ible if the bods are given tin opportunity to regenerate 
these powers wliilat stand injj; empty. 

It nijglit therefore, n priori, htive been aa«mijed that the period of 
stftoding eniptyj the aerwtion period, was the most iinportaut from a 
biologiüiil ßtantipoint. It wita therefore 11 iinestjon of how tiest to obtain 
an insight into tlietic phenomena. 

ImpoTtance of Oxygen. — Agrieultnml tiUeinists are accnsUnned to 
mcüBure the amount of decomposition taking place in soil by the intengity 
of production of carliou dioxide, Wollny was able to show that the 
produetion of catVK>n dioxide increiuäed in prujKjrtiou to the amount of 
organic matter added to the soil ; but tliut, as soon as a certain amount of 
earl>on dioxide had accumulated in the soil, further deeompositiou ceased, 
WoUny states that this was not due to want of oxygen^ for ho calculated 
that^ after subtracting the volume of eurbon dioxide produced, a sutfieietit 
quantity of air was always present in liis appamtns during the experiiuctit«. 
He therefore attribTites the ceasing of decomposition to an inhibitive action 
of the carbon dioxide on the micro-organiäma. The following experiments 
make it extremely probable, however, that Wollny's observations were 
due to exhaustion of the oxygen presentj and show tliat in exjieriments of 
this kind actual determinations mnat be made both of the oxygen present 
and of the carbon dioxide produced, 

I have had contact beds of clinker prepared in tubulated bottles of 
five litres capauityi and these hnve been charged once a day with sewage 
which was allow^ed to remain in the beds for foiu* hours. As the sewage 
was discharged, air containing 20 7 per cent, of oxygen and no carbon 
dioxide was led into the filters. The inletii and outlets were then closed 
and the filters allowed to st^md empty for six hours. Samples cjf gas from 
the bottles were then cxanuncfi, and found to contain no oxygen, although» 
after subtracting the volume of carbon dioxide produced, it would appear 
that a considci'able volume of air still remained. The gas contained 6*4 to 
9-1 per cent, of free carbon dioxide, and in some experiments — in which 
the atmospheric air led into the bottles was replaced by oxygen — as much 
as 55 j>er cent., /.e, much more than. Wollny found in his experiments. 

The carljou dioxide in the giises from the filters cannot be rt^ganied as 
a direct measur© of the docotui>OBition taking place for another reason. 
The author hits had constructed two contact beds in iKjttloSj as before, one 
containing eoke and the other gravel, each of 3 to 5 nun. size. Both wx^e 
charged with the same ttewage, and emptied after standing full for four 
hours, air free from carbon dioxide and containing 20'7 per cent, of oxygen 
being intHKluced to take the place of tlie discharged sewage. After 
standing closctl for forty-four houi^ samples of gas were withdrawn from 
the tKHtles and examined. In the coke bed the gas contained no oxygen 
and 3-2 per cent, of cariion dioxide ; in the gravel bed the oxygen present 
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in the gas wnn 3 "3 per cent, and the e-n-rbon diDsicle 8-9 pc^r cent. In the 
coke bed as nuicli and evüti iiioro nirlioji dioxide luid heen formed ns in 
the gravol \m\^ but it had 1»eeu aV)ääorhed hj the cuke and retaiiiod, whereas 
it had been tuorc easily Ubemted from the graveh 

An eHtiniate of the intensity of the deeomjMisition taking plaoe, l>aaed 
njwn the amount of oxygen eonanmerl, appears from the above only to he 
reliable in caaea where it can be assured that the oKyi^cn consumed has not 
been retJiiued by abfiorption* In order U> nlituin jnfornmtion on thii^ point, 
1 have had contact hcds pn3pared in five-litre lyiottles, as before, constnieted 
of fToshly ignited coke aufi clinker 3 to 5 mm, in aizc, The^e heda were 
ciiarged with diatilled water and allowed to remain full for two hours. At 
the end of that perio<l they were emptied, air free from carljon dioxide, a« 
before, being led in. After standing closed for eigbtoen and twenty hours, 
the oxygen remaining in the air in the beds was 18*2 to 19'0 per cent 
The oxygen retainoi, therefore» by al)Borption was very small. On 
repeatedly filling an<l emptying the beds, tbe aame results wei*© obtained. 
Hence, simple abaorption may account for about 2*5 per cent, of the 
oxygeti which is added to the filter, (|uite apart from that whieh is 
Rccujunted for by biological action. When now, instead of freshly ignited 
clinker, material from a mature biological filter was employed in ex- 
periment« exactly similar to those above deHcrihed, the whole of the 
oxygen disappeared in fourteen and a half hours, even in cases in which 
water and not sewage had been used to fill the beds. Even wlien the l>od 
had been charged daily for a week with distilled wat<^r, and diacbarged 
each time by tbo introdtiction of air free from carlKin dioxide, the air in 
tbe bottle, after standing closed for tl^trteen hours, contained 2*6 per cent, 
of oxygon. After the experiment with distilled water had been continued 
for a mouth, the oxygen in the air a<hijitte<:l to the bed was reduced by 
46 per cent. Throughout this period the prcxluction of carlxin dioxide 
eorresiJonded tf) the consumption of oxygen. Even after all the oxygen 
existing in the gases of the beds bad been consumod, the production oi 
carljon dioxide continued, at the expense of the oxygen which hnd been 
absorl>ed by the mnterial of the bed. 

In the above cxpcvimentJä nitric ac^id wjis not foimd in the elBuents so 
long tm the beds were charged with ^swjwage, Kven when distilleH water 
was used, oxygen was not present at first in sufficient (piantity ; but after 
some time, when n. large amount of free oxygen rejnained in the beds, 
nitrie acid wii^ found in the effluents in increaaiog quantitieti. 

During the period of standing closed, the consumption of oxygen frsiused 
a conaiderable vitcunm in tbe bottles, depending upon tbo intensity of the 
oxygen consumption. In freshly prepared berls it amounted to 60 or 
90 cc, and in older bods to *is nnich as 220 ex. 

From the above preliminary experiment«, it is evident, as waa to he 
expected, tliat the period of aeration is of extreme inii^ort^iuce. If a 
contact bed contained in a bottle is daily charged with ^^e^«^^ "as^ 
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til en allofl*od to stand enipty in the clr^stHl bottle for six hours, tlie oxyy^n 
in tho bottlr Ih nöffl up with tlie htrmnlioti of nirlMiii diouiile, which ii 
fuutid in tht^ Ix^ to lliu extunt of 8 or "J p**r vvtrU The following table 
shows the result of such tin oxyjerimmit : — 

PiionucTiON OF ('aruon 1)10X1 db in a Maturb Contact Bb» 

cnAßüKn WITH Sewaöe DaiiiY, 



Time Sewage 
in Canlact 


Tinie Bed 


OKjgeiJ 


Cbygen 


Cur boil Dtoxi^^e 


fltauditig ouipty 


remain nif^ 


con milled 


prodaceil ! 


b«fon* AiialysLü 


(per cent, of 


([wr cent of 


(per eent. of 


(hn^). 


8 2 


Oxy^gpti addtMl). 


totft! auesX 
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85 


«0*4 


4-1 


^ 1 
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8-2 


65 '4 
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e 


trftce 


eärcft 100 


97 


2 
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100 


8-0 


2 


H-5 





lOf* 


8-» 


4 


16*6 





100 


8M) 


4 


20 





100 


7 1 


2 


40^5 





100 


e*9 



When wo compare the result« of this esperimont with those given above, 
we Bee thfkt the amount of oxygen consumed deix^nds upf^n the amount of 
deoompOMiible suhsUmc^s present in tVie l>ed. Tiie amount of oxygen con- 
sumed then^forc affbnls na a uieÄSuro of the energy of the decomposition 
prücesses takin^^ place in contiiet bL*ds. Under certain circunmtAnces it 
aftbrds ns a more reliable measure than tlie atuount of carbon dioxidt* 
pn^luct-d, but it is always advisable to determine both factors. 

In the alxjve experiments the possibility of a further rjuautity of 
nxygeu getting into t\w l>eds was ngidlj exclmUMl Tnder such circutn- 
süiuces the extension of tlie period of resting beyond six hours appears to 
be useless. In practice, however, the entrance of atmospheric oxygen into 
the be^lfi is not rcstrict<^d, jis m the alwive experiments» where the fornmtton 
of a considerabk* vaeuum hidicate*! tliat air would l»e drawn into the l*eds 
with great energy. When a twelve-litre bottle containin^c a reserve of air 
was utUichetLf by means of a narrow glass tul>e, to the contact i>cd« coo- 
taiucil in Ijottlea, 34H c.c, of oxygen had l>ecn ftl»Htr:icled fmm this Itottle 
during tw<nity4wo hours standing. At the end of this |ieriofl oxygen 
could not lie detc^etc^i in the gase^ present in the contact lied* The l»ed 
had dmwn on the reserve of air for a larger volume of oxygen, find had 
actually used up more than was originally present in the l>ed. From one 
of these ex peri men tfd lieds the sewage wjts discharged^ and, instead of 
atmospheric ain pure oxygen was admitteil t<j Uike its place. At the end 
of 144 hour^ tliis oxygen had completely disapj>cared, and the gases 
renuiining in the bed enntained 35%H per cetit* of carbon dioxide. W^heii 
iTMjttleB contfiining air wen? attAc^hed to these contact lieds, nitric acid was 
prem*ut in the eJflueiiUs; but when the reserve of air was omitt-ed, nitric 
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acid waa always ubtietit. The nitrify ing on^anisiim )m(\ therefore been 
|m3srnt. ill the W'<\h during tfiu inontli!^ i)f n?((KTiiUi3nt vvitliotit kiciTig ahlo 
to inditatt* thoir eutivity by the piOBenc*? i>f nitric acid in the efHuent«. 
They had exercmm.1 an oxidit^ing action, but the nitric acid winch they 
formet] hatl hoeu iinmediatdy reduced owin|^ to the iimnliicient aeration. 

Tliia experiment proves beyond doubt that a eontfiet bed fw>cly oxposcd 
to the atmi »sphere not only ennsumos the oxygen present In it« jwrea 
dnring the period of süviidlng eriipty^ Vmt uttraetä oxygen froni ontside 
with einisitlerable energy. It naght then*fore bo coiiKidertH:! whether it 
woidd not Jie advisiablo to inmni ihm proees« artificially, 

L/>\veoek and Waring have made reeomtüeiiflationB in this direction. 
These ree4:immeiidatioivH liave not been BncceBMfidly earrie«! out in praeliee, 
on account of the high eoat and the ditficnlty of evenly distributing the 
intiixliieod air throughout the etinlaet Ijeds. For eontact bedn, as alwivo 
descrilwxi» artificial aemtion doeti not appear to nie to be necessary. Its 
adoption might Im conaiflered in connection with very fine or very deep 
iHHk, citpeeiuUy if these are placed in Vmildings which are not naiuraüy 
well v*mtilated. 

After being in oijenition for Mome time, auflficieut decompoHa1>le organic 
matter collect^ in eonttict bed^ to aUbrd material for deeomponition and 
oxidation proceis&e« to continue for weeks. If a crmtact bed wliich ha.^ been 
in ojieration is allowed to stand for gonve time without being charged» the 
oiidatiun processes bt*eome so intensive that the lower layora of the bed feel 
quite waruu We have measured a« much a« 9° or 10' C ri^e i*f temjjeratiire 
in 8uch i>LHls. These faetn alone are sufficient to show thf practical import- 
ance of what has liean »aid above. 

It is also evident that the time the filters are standing empty dtjcs not 
merely serve Ut intnj<luee the air which the outflowing sewage draws in. 
8ueh ivaa assumed tt» be the ease by those who favoured the bacterial view. 
It is ahuost exclusively whilst the hlters are standing empty* as we have 
seen and ^hali see further latter, that actions occur which must be regaitled 
as absolutely neeessjiry for bioltjgical purdieation» In land filtnition the 
[X^riod of aeration extends over the whole |M>riod of working* with the 
exception o( the few mniuU^s during which the sewage is jiivssing into the 
hlters* In the c«jnUicL process laologieal action is suspended by keeping 
the bei Is fid I cjf sewage. This act is injurious to the biological processes. 
If sewage is allowed to stand longer than six hours in a mature eontaot 
bed, signs of undesii*ahlc r*?<luetion proecsseti begin U> show themselves. 
The efliuent is tberj, m»der cert;iin circumstance«, coloured by sulphide of 
iron and begins to smell of sulphuretted hydrogen. Similar oljiservatiüna 
ni&y t>e niiide with contact btds which are too de<?p in proportion to the 
size of material of which they are constructed, if, r*r/,^ they are about 
f) feet deep and constructed of material |-incb to A*inch in siise. Properly 
constructed c*tint4iet bed« are more adapttnl for thorough aerjttiou^ after the 
sewage is discharged* than is tlje soil Jn land filtration» In the wuil it m 
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only by overt^omiiig considerMljle frictioiijd reöistaiice t\u%t atmoöpheriü 
iixygcti t-aji Hurl it^ wny to depth« of 18 itJühoa or 2 feet; wherenB in 
eoiituüt Ikj^h dirt'iiöiiui t-tkc:? jjIuuu tinj^t roadily, cspocially if care in taken 
tlmt the »urfacu of th« hc'd and thu jxjruö do not become clojijgcd. It ia 
entire!}* erronetais to Huppose that the oxygen m the air which is drawn 
into the ^m\ lij tho otitdowiiifjj sewage is sntticient for the process. r>urmg 
tfie whole period of aeratitni, oxygen is bein^^ contiunally drawn in tmrn 
the surmundmgs, and carbon dioxide is lK?ing expired by the \y^. 

if we now ask imtHolves whether it can be regarded as certtihi that the 
alwn'e-tleBenbed pheootneua are due to hiolopca! action, we iiiust reply 
that nitrdication ia now generally re^arderl as due to the action of micro- 
orpin iriuiM ; and that if a well-niaturod contact bed is chloroformed, the most 
intense uitriti cation la at once stoppiMl, but the consumption of oxygen and 
the prcxluction of carlxin dioxide contiDue, The higher forma of life 
prciient in our contact bods were very sensitive to the action of ehloroforni ; 
they were kille<l by even very Bmall dotjea ; likewise the non-sporing 
bacteria, but the »poring forms were not kille<l, Mueh deveiopment of 
gaa cannot^ however, la? expected from aporeft. Mercuric chloride pnwiuced 
the same result« tm t?hk>roform. But, in Bjate of thi«, eon tact bcd:^ which 
were under the hiHuence of dimnfectant«, and in which all mgna of vital 
activity were absent, showed a considuniblc consumption of oxygen with 
pitxluction of carbon dioxide, Tbe resulte obtained are shown in the 
following table: — 

CoNBnWPTJON OP OXYOEK ANT» PrODUÜTION OF CarboN DtOXIDE 
IN COKTACI' BbüS UNOEU THE InPLUENCB OP ÜlSlNrECTTANTS. 



Oxygen cQimiimsfi (pt*r ocnt, of\ 
oxygc^ii admitted) . . . / 

Prodtictlou of carbon dioxide (ptr I 
eetiL of air in hed) . , . / 

Percentage rtduetimi of aityg^a \ 
absorb^ . » ^ , ^ i 



State of 


Day of Expt^nmeiit. 


Contact 




Bed. 










lat. 


2wh 


ard. 


mature 


SO-4 


e'S 


Ill 


freab 


10-6 


13*0 


9-2 


mature 


3^1 


2*6 


11 


fresh 











mature 


SIB 


737 


»•» 


fr^h 


84-0 


S5-9 


'•* 



AH ÄignB of vital activity were destroyed liy mercuric chloride ( 1 in 
1000). Tlie large refluction in the oxygen nbsifirlied from jjornianganate 
fjf |K>tash is due to the alisorptive iictioii of the tilmii on the surface of the 
material of the cont»ct bed. The fact that on the first day of experiment 
one thirtl of the oxygen arlmxtted to the l>edR was used up is i\\m due to 
the Hunie alj«orpti>e mition^ but on the sec<)nd and third day the amount 
of this aetioti siank to a point which was the «ame as in freshly prepared 
beds. On tlic Hi-st day of L-xfierittient the rvinouut of carbon dioxldi? found 
m the gases fmm the bed wais 3-1 per t^tit., on tlie second day :2^fi, and on 
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the third diiv bl per oeuL ; vvhereaB freshly prepanxl \w(h eontiiiaed no 
cfirlhiii clioxid*^ inidor tht' «inue couditionB. This productioii of ourltou 
dioxide must tUereforo \n} duo to chctiiitsil and pbyöical cauücs. It m 
possible tlmt this d<*cijnipüKitioii is due to oiizyinüs, which, hs we liave aeeu» 
are present in the (ilm em^eriug the material of the tilteiv wbieh film also 
contains una table organic matter A direct chemical libemtion of oarhoD 
dtoxide could not be assunied in this eiise, as in another experiment in 
whieb the t^c^wage was sterilised by means of 0'5 per cent, pf sulphnric acid* 
In this latter experiment tbe carlwrn dioxide found m\ tlie tirst rhiy wtw 
19 5 per cent-, on tlie seeond day lß*7, and on the third day IM per cent. 

It has already been sihowri that before oxygen can be active it must 
first be absorbed in tbe con taut Ited. Tlie action of the nnero-organisnie 
cauae^ a deficit of this absorliod oxygen^ whicli must be made up hy tbe 
introduction of more oxygen, and this introduction can take place even 
after biokigical action has been excludetL 

From the above facto it ia clear that contact beds may be filled, if 
necessary, several times in succession without interniediate aeration, and 
yet yield a non-piitrescible effluent. Our experimentJi aJso show that this 
poasiVnlity should only be utiliaed in urgent cases, or else Uk* much 
undecouipo«ed organic matter will accumulate in the beds. Such 
accumulations automatically increase the intensity of tbe processes of 
absorption, deoomp*>sition, and oxidation, but not sufhciently to obliterate 
the results of overworking. Hence, tcuiporary oxüCHüive working of 
eotitaet l>eds should lie followed by longer periods of rest. This should also 
be tbe cuse bei^ause the accumulation of carlson dioxide in the beds tends 
to promote the wojitbering of the niateriah 

liesides explaining the importance of aeration, the above experiments 
furnish information upon another question. Tbey give some ideas npon 
the selection of material for constructing biological filters. In the first 
place^ we rt^iuire a maximum development of abs*3rptive powers, and, in the 
second place, the material should be able to resist weathering processes. 
The organic matters in sewei^e are possessed of very large aljisorptive 
power», and hence it might be thought that all material would lie ef|ually 
suitiible for tbe construction of biologit^d filters, after Ijeeomiug älndgf4 
up to a certain extent. With c^*rtain material, however, as \vc shidl see 
later, tlie filU^r htm scarcely become mature before it clogs up, and hence 
it is necessary to find a material which is siitisfactory Iwth qualitatively 
and '(uanlitatively. 

ImportaDce of Suiface Extent. — Absorptive forces are dependent 
upon the amount of surface exjiosed, and the finer the material tbe larger 
is the surface. Tbe m^ of tlie uuiterial must therefore exert an influeuco 
upon Uie action of biolrjgiwd filten*. Experiments on this point have 
been carried out by me both iu enclosed filters— liecanso considemble 
value attiu^hes to the determination of the changes occurring in the air 
of the filters— and in open filters construct-ed of tbe same matorval^ 
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allowing of free eii trance of the ntmosphure. Uoniparittons were made 
betwL^ni eoku urn] gruvtVl frcuti the EBie, *.p. a eloiiii muiidiMl ^rtivel. The 
maberiai wa;^ tsievud into nmm from 2 to 3 ntiu. to 10 to 20 oini., as »htnvn 
m tlitJ folh>w^ni^ Uihlt!. Coutiiut beds woro constructed of the varioiiB 
siäOh of material, and tilled daily with the aaiiie sewa^^e. The >ieds were 
allowed to fitiind ftill for four hours and tlieii left to aerrite for twenty 
hoiiTB^ again filled, and ao on* The aualjticj^l rosidt« of determinations 
of the ijjiisiHnt« oxy^'en consumod, the carlwii dioxide prodTieed^ and the 
rtxl notion in the oxygen nksorbed from pennan^^anute of potash by tlie 
effluent, are wbov^^n in the table. The analyses were performed on the 
second and ninth days. 

Effect of Swm of Material. Kxpkrimbnts with Elub Gravbl, 
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The finer the matorial the greater is the reduction in the oxygen 
absorbed : «t the l>eginning of the experiments the riMlnction m%s 52-8 por 
cent* with the finest material (2 tti 3 nmi.) and 447 per cent, with the 
eoarse^t «jaterial (10 to 20 mm.). ('orreBpondingly the osyjtsen nscd vip 
from the air of the bed» wm larger in amount in the 6ne beds than in 
tlie efjarse* In the Hnetjt Iwih it vva^ fJ2'3 per cent, of the oxygen admitted 
into the l>ed8 and in the coarseöt 30*0 per cent. After working for nine 
days the values were 94*7 jjer eeiit for the finest beds and 63 8 Tor the 
cof^njeBt, The figure« reprenenting the production of carbon dioxide »how 
exactly the same variations. 

In iiie next table the corresponding resnlts with the eoke beds are 

record e^l. The e?f peri merit** were earried out at the smmc time and witli the 

müw sewH^o iis thmt* mih the gmvel bed a. At tlie Vieginning of the experi* 
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ments the reduction in the oxygen absorbed by the effluent from the finest 
bed WJI8 67*7 per cent, and from the coarsest bed 48*6 per cent. Nine days 
hiUir the results were practically the same, due to the iusutticient supply of 
oxygen, as will be seen from the results obtained with open beds (p. 172). 

Effect of Size of Material. Exteriments with Coke. 
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The consumption of oxygen at the beginning was 74*4 per cent, in the 
finest beds and 42*0 per cent, in the coarsest ; higher in both cases than 
with gnivel beds. Carbon dioxide was not present in quantities as large 
as with gravel beds, because coke absorbs this gas and retains it more than 
fresh gravel. After nine days' working, the finest bed consumed 100 per 
cent, of the oxygen admitted into the bed and the coarsest 59-9 per cent. 

From the above we see that the decomposition process, as well as 
al)sorptive action, is more intense in fine material than in coarse, and more 
pronounced in coke beds than in beds constructed of gravel. 

The residts obtained by the use of beds freely exposed to the atmos- 
phere, and dealing with the same sewage as the enclosed beds, arc given in 
the following table. The finest coke reduced the oxygen absorbed by 70*2 
per cent., the coarsest by 51*0 per cent. ; the finest gravel gave a reduction 
of 61*8 per cent., the coarsest 46*5 per cent. 

That better results are produced with coke than with gravel beds had 
already been established by practical working. This is generally attributed 
to the fact that coke is more porous than gravel. The numerous cavities 
and pores in coke presenting a large surface are supposed to furnish 
favourable points to which the micro-organisms can become attached, and 
to prevent them being washed away. They are also supposed to retÄAxv ^kt 
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Effect of Sizb of Matbrial. Experimbxts ix Cokb and Gravel Beds. 

(Freely exposed to the atmosphere.) The crude sewajre had an oxygen 

alworljed of 10*94 part» per 100,000. 



1 


Percentage 


Reduction 
Absorbed. 


in Oxygen ! 


< Nature and Sise of Material. 










1 

! 

1 


Exposed Beds. 
70-2 


Enc 


loaedBeds. j 


1 

1 Coke, 2-3 mm. 


65*6 1 


. „ 3-5 ,. 


690 






57-8 


, „ 6-7 „ . . 


64-6 






56-6 


. „ 7-10 „ 


62-5 






51-0 


1 M 10-20 ,. 


51-0 






51 


GniTel, 2-3 mm. 


61-8 






64-6 1 


„ 3-5 ., . . 


61-8 






60-4 


M 6-7 „ 


67-0 






48 '6 


,, 7-10 „ . . 


56-6 






45-5 


„ 10-20 „ 


46-6 






42-2 

1 



for purposes of aeration. The following experiment was undertaken to 
determine whether these assumptions are correct. 

Contact beds were constructed of pumice-stone and fresh clinker graded 
to the same size. Pumice-stone is more porous than clinker, but the results 
given in the following table show that by the fourth day of experiment 
the clinker reduced the oxygen absorbed more than the pumice-stone and 
that the clinker maintained this superiority throughout the experiment. 
On the twelfth day the pumice-stone reduced the oxygen absorlxKl by 30*7 
per cent, and the clinker by 47*8 per cent. ; at the fiftieth filling the 
pumice-stone effected a reduction of 63*0 per cent, and the clinker 77*7 
per cent. This shows that the importance of porosity in the material has 
been overestimated. 



Comparison of Results produced by Contact Beds of 

Pumice-stone and Clinker. 

(Size of material same in each case.) 



No. of 
Filling. 



1 
4 

12 
16 
23 
34 
60 



Oxygen Absorbed (parts per 100,000). 



Percentage Reduction in 
Oxygen Al)8orl)ed. 



Orude 
Sewage. 



6-80 
6 92 
7-00 
5-16 
7-97 
8-22 
10-20 



lent from 


Effluent from 


Effluent from 


Effluent from 


lice-stone. 


Clinker. 


Pumice-stone. 


Clinker. 


5-67 


6-82 


18-0 


14-3 


5-37 


477 


22-4 


31-0 


4-85 


3-65 


307 


47-8 


2-72 


1 70 


47-0 


67 


3-35 


1-96 


58-0 


75-5 


4-62 


2-20 


45-0 


73-2 


377 


2-22 


63-0 


777 
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It therefore remained to determine whether the chemical composition 
of the material is of importance. All the samples of coke and clinker 
which we have employed have contained considerable amounts of iron. 
When our contact beds were charged with sewage at a comparatively high 
rate, and aeration was retarded, the effluents contained as much as 4*0 
parts of iron per 100,000, although the sewage contained less than 0*1 
part per 100,000. When worked normally, iron was absent in the effluents 
or only present in traces. The power which iron is known to possess of 
combining with oxygen, and then giving up this oxygen to reducing sub- 
stances, made it probable that iron plays an important part in the com- 
position of material for contact beds. The following experiment was 
undertaken to obtain information on this point : 

Two contact beds were prepared of Elbe gravel, 5 to 7 mm. in size, and 
in one small wrought-iron nails were evenly distributed throughout the 
material ; no such addition was made to the other. Both beds were daily 
charged with the same sewage. The gravel in the bed containing the nails 
gradually lost its white or yellowish appearance, and became coated with 
an even brown layer of ferric hydroxide. A coke bed, and a gravel bed to 
which limestone in the form of oyster shells had been added, were operated 
in the same manner as the other gravel beds, and the results obtained are 
shown in the following table : — 

Effect of Iron and Limbstonb on Contact Beds. 





Oxygen 


Percentage 


Oxygen 
Consumed. 


Carbon 

Dioxide 

produced. 

KCI* OAIlt of 


Nature of Sample. 


Absorbed 
{parts per 


Reduction 
in Oxygen 


Ter cent of 
Oxygen 




100,000). 


Absorbed. 


admitted 
to Bed. 


Air in Bed. 


2-11-1899. 










Crude sewage .... 


12-47 


... 


... 




EtHuent from gravel, 5-7 mm. 


6-43 


48-5 


32-4 


2-6 


M „ 5-7 mm. 










+ nails .... 


5-11 


59 


91-8 


2-9 


Effluent from coke, 5-7 mm. . 


511 


59 


52-2 


1-6 


„ gravel, 5-7 mm. 










+ limestone 


619 


50-3 


36-7 


2-7 


9-11-1899. 










Crude sewage .... 


10-94 


... 


... 




EtHuent from gravel, 5-7 mm. 


5*62 


48-6 


65-2 


7-2 


„ 5-7 mm. 










+ nails .... 


4-71 


57-0 


100-0 


47 


Effluent from coke, 5-7 mm. , 


4-75 


56-6 


710 


4-9 


„ gravel, 5-7 mm. 










+ limestone 


5-41 


49-6 


70-0 


7-3 



It will be seen that the gravel containing nails caused a greater 
reduction in the oxygen absorbed than the gravel to which, uö \3äjJä Vää. 
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l»ecn added, 5L**0 ti^ ajxulust 48 5 pvr LfiiL The otHutnjt wfts oijUiil to 
thiiL pn^luctid by the coke hcd. Of thu oxygen adiiiitt<3<l to tlie bed 
CQiitaiiinig iron, 9 1 '8 per cent« wa« ueed up, ^lä Hgaiiiit 32 4 per cent» in 
ihn other lx»d, Seven days later the result« were praetieally the mme, 
beenust^ the oxygon whieh gnhied neeeau t*J tlie boda wa« bniited. With 
beds freely exposed bo the atmosphere, the following renult^ were 
obtained i^ 

EfFBC^ OF I BON OK CqH'TACT BjSüB. 



Btfd. 


Mouths in 
Opfifntmn. 

1 
2 
3 

4 

1 
2 
3 
4 


03fyg**n A1jsdrl)od (purU 
p«ir 100, OOa). 


Beducttoa 
in Oxygen 

55*6 
iiÖ*0 
67 9 

57 9 
704 
74^1 
78-1 


Crucie 


Efllüent. 


Gnrel, &-10 mm, . . \ 

Gnr«!, 5-10 lutiK -^ 1 j»ur J 
cent. Iron , . * 


7-65 
7-96 
8-40 
9-00 

7^56 
71*5 

8H0 
9-00 


3 -as 

3 "70 
270 
3-12 

317 
335 
217 

2-42 



From these res n Its it eaniiot be doubted that a oertain quaiitlty of 
iron in the uiatcrial of contaet IrnIs exerts a favourable inflnencc un the 
pn)ecijt;es of al^iHjrption and oxidation. 

That the rcsnltis pro*hiued with pmnice-stone wore not as ^ixd m those 
proiluee<i with coke \a due to the fiict that the pumiee-atone wtia freu from 
ironi whilst the mka eoiiUdned irtui fsivon nd4y distributed throughont its 
mass* Even hi a per feet ly sincjoth non-pjrous niatorial, sneh aa river 
gravel I the absor|>tive aetiou may lie eonsideralily increased by addition of 
iron. Care muat^ however^ be exercieijd with sneh addition, otherwise the 
bed may ejtsily l>üeoiue clogged. 

The opinion has been repeatcnlly exprea»ed that a certain addition of 
lime to eoiilaet beds inenniwea their iwtit)n. Attcmptü have also l>een 
made to obtain l>etter resnitä by mlding lime to the sewage. The figures 
iu the table on p* 1 73 »how that lime did not exert a bgneBcial iiiEuunee 
on the biologictd proeessäe«. Any lxitt<?r residts pr<-"dtieed by addition of 
lime to sewage are mtmt prulwilily due to preeipitutiou of solids preventing 
them r«^aehing the eonUict beds, or in rare cases when the tsewago is add» 
to neutraliH^ititin^ for alinoE'ption in interfered with l>y acid sewage, 

The Maturing of Filter«.— It is well known that newly eoustrueted 
bjolpgical filtern do not at first yield a non*putreseible effluent. It h^is 
been shown, however, that eoke \a lietter iu tins resjjeet than gravel. 
UeiiBonB for this behavioiu" are furnished by the alxive experiments. 
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During I ho first few vvooka of operation tho pnrification efft'cted \ty 
biologiuil tiltei*s iuLTea,st'a fn>m ilay to day. This m expljuut*<l iis follows : 
(I) The abuorliod »ubötfiiicüä are tlepotjited on tho »t'piirate particles of the 
material compomny^, tlie filter* Thl8 I0 demon Bt rated hy the above experi- 
ment in which thu gravel sooii hecaiue eiierusiäted with iroti cÜ8siolved from 
the nails, (2) The suspended mattcrn which gain aceejü* to the filter and 
the matters precipitated ou tlie niatertal by ab»i>rptioii are not eomplütely 
deconipused, but only deprived of tbelr easily deeompoSfible conwtitueiits, 
A not itieonäiderable portion, similar hi oharaeter bo htiiuu8, remains ou 
tho »nrfacc of the gravel or clinker, and tlm^ like the iron, increases the 
absorptive power of the filter. The gelatinous nature of this coating, to 
which in the preceding chapter we attributed the character of a surfiwe 
Uliij, is nicreased l>y the micro-organisms and higher forma of life, both 
auimal and vegetable, whieh myon begin to inhabit the filter, lu eoutaet 
beds the higher forms of life predominate near the tstirface^ where they are 
able to obtain enffieient oxygen and where they ubtain nouriahraent from 
the aeeumulating sludge, which thoy break up and looäen to a remarkable 
extent. 

The sequence of these proeesaes m so much to the purpose? that in 
studying them one repeatedly forme the tmpre&äion tlmt they were 
expressly designed by nature. All the chemicid ami biological processes 
describod above unite tn order to increase the action of the filter in 
separating dissolved organic sohdä. 

Une might almost m,y that the animal and vogGtable forros of bfe 
strategically seek out the weak^t pohiU, in order to deoorapose the 
retained solids* lu proportion as these actions increase, more oxygon is 
tieeessary, and the maturing process create» conditioUH by whieh oxygon is 
drawn into the fiLter from the surround hig air with increasing energy. 
The heat which is devuhjpe<l by the processes of oxidation serves to 
aceelerntc the prt>cosses of diffusion, and tho oxygen which enters the 
filter is consumed by the surface film with increasing tiageriiess- 

Nature furnishes tho means for piwincing the necessary results. It is 
only needfid for man to perform his jiart, to understand the reactions 
which take place, so that ha may Jissisl the biological proce^j in a suitable 
manner and at the proper place, and not retard the pmcess^ its is actually 
done in many instanceei. The uiost common enxir hi this direction is to 
uuderestimiite the importance of periods of rest and to believe that the 
works are in order so long as they do luvt yield putreycible etHneiits, We 
have seen, however, that a biological filter is to be compared, so to spealsj 
with a noble racelionse, which often attempts more than it is capable of 
performing. The filter continues to separate organic matters from the 
sewage even after it ceases to be able to decompose and ruin end ise them, 
Thone undecompogeil substances then aceunnilat*? in tho pores of the filter, 
winch is thus rcnderofl impermeable. Oxygen cannot i'nti?r, tlje higher 
forms of life die, decomposition cejises, and the fiUur in ** worked to datth." 
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Tht? (jverworkjiiij; of biolcjjtjicitl filters kads, hh we huve man from the 
expttriiiients dct!sunbcd ubovL^ to an aucuiindatioij of c^irlwin dioxide, wliicli 
considerably fuda the weatboring of tho filteriug iimtcriaL Tho rapidity 
witlj which the Cümequeiices of overworkiiig arc shown in contact l*eds 
iiiny be ilhiötratod by the faet tbiit a eoiitiict lied filled ah titues a day had 
loot two-thinlK of it« capicity by the löOtb filling; whereas, wheti filled only 
once a day, it !iad only lowt hIil j>ur cent, of it« ciipaeity after 3(K) day». 
In this respect jxravel bt^dö arc, wheo freshly constructed, worse than 
coke l>eds, but on reaching maturity they work well. If they are 0%'er- 
worked they lieeonio mature more qidokly iii consetjueneo of the aeeumula- 
tton of iindfcompxjaed organic matter, hut in snch uaae« maturity is ßotm 
followed liy clogging, and the hudö an* worked to death. Coke and el inker 
do not elog m 4uickly um gnivel. We have already öoen that the finer 
the material the gi-e^ter the purifying action of the filUr, but at the stame 
time the filter becomes more easily eloggtxL Even when carefnlly managed, . 
fine-grained contact beds will not purify tia much newage as coarse-grained, I 
The followhig table gives information on this pohit : — 

Effsct of Size and Natuhk of Matkhial upon Capacity of 
CüNTAüT Buna, and 1*uhification rnonucKn. 





Siie of Mat«ri&l (in mm.). 


2-a, 


a-&. 


6-7* 


7-10. 


10-20, 


10-80. 


^^ .) ofYulunke 
brivtl i Perce D tage leductioa ill 
I üxjgeu absorbed 

/ Cipftcity» Percentage 
.,, j of vuftijjie 
^ ' P«rc«ntiigo rKluctioij hi 

L oxygen absorbed 


26-5 
61-8 

40-0 


28*8 
Gl'B 

66*0 


57 ■! 

64 -e 


33 "5 
&3 6 

42 


34*4 ' 
4Ö-5 

£ro 


51 S 
44 2 



The figures were detemiined on the tenth day of openition of the bed«, 
Puring the fir^t few days vanatiotiH are caused by the irregular wetting of 
the materiah Betk of gravel 2 to 3 mm. in aize were able to take 26^5 per 
<3eiit. of their volume of sewage, 10 to 20 mm, material took 3 4 "4 per cenL ; 
öoke beds of material 2 to 3 mm, in size look 406 jjer cent, of their 
volume of sewage, 10 to '20 mm, nuiterial U>ok 43*4, and 10 to 30 niiu. 
material took m much a» 51 '8 per cent. Coke then m superior to gravel 
hi this respect^ as well as with regard U* the purification produced, as may 
Yte seen from tlie above Uilih% which uIno ?jupporUs the expenmenti< prcvioufily 
described. 

The following: Uible further s^hows the effect of the ujittire of the 
inattTrial upon the capacity of conüiet bcdri, and the puritication produced. 
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The üible also contains the figures obtained on first wetting the material, 
in order to show the different results obtained in comparison with later 
fillings as well as with the various kinds of material. 

Effect of Size and Nature of Material upon Capacity of 
Contact Beds, and Purification produced. 



Capacity. Per- ) 
centage volume^ 

Percentage re- \ 
auction ill oxy--J 
geu absorbed i 



No. of 
Filling. 



1» 

2 
10 
50 

1» 

2 
10 
50 



Animal 
Charcoal. 
3-7 mm. 



771 
661 
461 
43-9 

45-1 
721 
78-7 
77-6 



Wood 


Pumice- 


Charcoal. 


stone. 


3-7 mm. 


3-7 mm. 


691 


62-4 


673 


52-7 


66-7 


44-4 


46-7 


381 


36-7 


180 


88-9 


22-4 


62 6 


40-6 


eo-6 


«80 



Clinker. 1 Coke. 
3-10 mm. 3-7 mm. 



CO-7 
I 60-8 

46-9 
I 86*8 

14-8 

31-0 

47-8 

; 777 



421 
36-6 


361 


8.V8 
87-8 
87-0 



Gravel. 


Coke. 


3-7 mm. 


10-30 mm. 
66-6 


41-2 


38-9 


637 


267 


61-8 


19*4 


48-8 


61*4 


87-*6 


83-4 


84-2 


86-8 


26-6 



* First wetting of material. 

After fifty fillings, pumice-stone, clinker and coke beds have practically 
the same capacity. Beds of wood charcoal and animal charcoal give 
higher figures, but they may be excluded as unsuitable on account of 
their high price. The capacity of gravel beds is considerably lower than 
that of other material. 

Not only does the capacity of the beds vary with the nature of the 
material, but also with the rate at which sewage will sink into the beds. 
With beds of coke, clinker, and pumice-stone, 3 to 7 mm. in size, the sewage 
sinks into the bed immediately, even after the fiftieth filling and when the 
sewage is supplied at a high rate. With gravel of 3 to 7 mm. size, the sewage 
soon begins to pond on the surface, chiefly because the air cannot readily 
escape from the bed after it has become mature and somewhat clogged in 
the surface layers. If the beds are filled from the bottom, the filling is 
more easily accomplished. 

The above remarks serve to show that the biological method, even in 
its simplest fonn, possesses a multifarious character, and also that varied 
reciuirements may be met as regards the extent of the purification and the 
volume of sewage to be treated on a given area. If the degree of purifica- 
tion is to be as high as possible, fine material must be employed. But in 
this case the action of the filters cannot be forced to the same extent as 
with coarser material. By a little artifice, such as the addition of metallic 
iron, the action of a material which is otherwise not very suitable may be 
considerably increased. But if this addition is not carefully carried out, 
the clogging of the filter is accelerated. Elach of the nails added to our 
contact bed soon became coated with large quantities of hydroxide of 
iron, which caused the gravel to form masses the size of hazel nuts and 
even larger. 

Sludging-up. — The second question which we attempted to answer by our 
experiments was whether the gradual sludging up of the contact beds had to 
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Im:* taken into account^ and if tht* weatliering Jtction on the inat4fria1 can Id 
be kept within 8ueh limits ati Ur iticrcast? the life of the couiiiet iM^'dit 
siirticiently for economiG rcruiii'efuciitö. Ten jojirs ji^jö, wbeij onr eiperi- 
mi^ntfij were coiunienctKl, they >jeeine<] Mpecially uecesötiry. Our resnlts 
were not iu agreement with thoee of other ob^»rver«, Kven after years of 
ol)sorvHtion, the experts of vuriuuH Kii^hsh towtiB »tated that only at first 
waa there any appreeiable decresisc in tlie capieity of con tat; t tiedsi, and 
that it soon l»ccaiiie practically constant. Our cxporlinentö gave a different 
reHMlt-, find ux|ierieoüt' haa now Hhown that we were in the ri|^bt. 

The e\jjt*rl^ who fonnerly opjwHed our vicwö now oxhibit witii pride 
the apparatus which they have iu the meantime conatruoted in order to 
regenerate their shidged-up contact bi*dB. After al>ont five years^ opemtion. 




Flu. dd.^H»mbtirg H«th<Hl uf Wsufni^g Couioct Utnli 

tlic regenemiion of the contact bodö ha« proved to be neeessary, and ia 
carried out in a nuumer whiuh, m a result of our e)i|Hujmciitä« wc 
uharacteriMed ten yeara ag*> as the only pji^ilile one. PerimJ« of rest i%n4 
the Hiking over of the beds do nut pnxhjue the ncce8ä»ary ii:^»ij|t The tHnJi* 
muat be taken to pieces and tlie adhering sludge washed from the materitiU 
The Biniple method ilhistrated iu tig. 89 wr*» öutficient for our pnrjxise tcj 
resttirc the original ea|>aüity **f the be^J. Bveii a few yearn a^o it wa» 
evcrj'where believetl in England that contAct imh could be fully regenerated 
by reating ; to-diiy it iw wt^ll known that nneh in not the vmv. If wi? 
examine a contact be*l wbieh h;V! tn'en **pümted so h»ng I hat it unmi be 
regenerated, we see exaclly the s*ame cluuigen as we deöoribe<l from the 
resultB of our cxperimetitB. In t!ic deeper portions of the bed the clinker 
ifl phkHlered over with a blackish si^bstaücc. When exjKJBtd to the air this 
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Bulmtance mpidly turns brovvii- The want of s^jfficient air in tlie lied had led 
to the deposition of »ul[)hide of iron, whit^h m oxidittetl in tho air, the 
sulphur being converted into Bulphnric aeid. The iron, howeTer, is again 
deposited in the filter nnd ciUinot ho removed by smiply tiwilling the 
inatorial in mtu, Tliü bed iiuist be ticken U:i pieces and tlie ^c|>arate 
|)artic4es of materml thoronj^hly wauhed« 

Although a öatisfm^tory sigreurnont uow exbta with rt?^ard to tliia 
importivnt question, I Jühoidd like to give a few daUi from our earlier 
experitneots, bccauHC exactly the sjwne problen», in a aoniewhat difi'erent 
form, is arining with regartl U> pereolating tilters whieh have lately eomc 
so much to the fore. 

The Bimixuidetl niattenj which are washed out of percolating: Blt-eni and 
appear in tbu etHiiuut are often fcermefl ^^uoUoicIm." The name iä quite 
inappropriate* Some of the dissolved organic matters in sewage are 
eolloids, hut these are abwtirlKxl in thu hiologicid filter and so far deeom- 
pjscd that ouly Immuü bodies remain. Those are loosened and washed out 
of the Biter. It would therefore )je lern likely to lead to miannderHtauding, 
and get more at the root of the matter» if one referred to these bodies a» 
"humuy Üakes,'^ or, as has been done at Acerington fronj the l»egiiining, 
•* peaty matter," The washing ont of thi» matter from Kuitüblj eonstrueted 
reolatmg filters niay be imagined a« Uiking plaee in the manner deseribetl 
*by Liibl^ert in connection with tiiunei'y refuse. The ttnmic aeid and the 
tannatea from tAinnery refuae are absorlwxl in the biological filter and there 
precipitated. They may then bt* regarded ie§ a thin menibrane 8nrr<>unding 
the slag. Beneath this membrane hydroxide of iron is formed until it splits 
the membriine, which can then be wawbcd out in the form of small ßakes. 
if the filter ia eonstrueted with hue material lielow coarse, as is often the 
case, theae substances cannot be washed through, with tfjc result that a 
[K'reolating hlter heconies clogged up, just like a contaet lied. If it is 
intended to prevent Bueh clogging^ and tins will always doubtlcHK K* the 
caaie, such a grading of the material must be regarded as an error* 

Fruui tlie resultH of our observations upon the üludgiag up of biological 
Hlters, 1 will here select a few typical examples, A conUict \.m\ eonsitnicted 
of clinker 3 to 7 mm. in sisse was filled once a day for twenty-gix months 
with sewage. The betl remained fidl for four hours sind aerating for 
nineteen, tilHug aiul cuiptjing together occupying one hour. The average 
reduction in the oxygen absorbed wws 70 per cent. The efüncats were 
always noTi-pntreseiblej and had an earthy or n^usty odour. The e^ipjicity 
of the l>ed, after being previously thoroughly wetted, wim 31*9 per cent, 
during the first 50 fillings, after 200 fillings it had sunk to 30*3, afu»r 500 
t-<j 20 "0^ and after 700 to 19'9 per eent. E^nring a little over two yea ra* 
working the bfHJ had lost over +0 per cent, of its c>rigiual ea|>aeity. 

Another similarly construeted cont^ict IkhI was filled twice a day. The 
first filling WH« allowed tij remain in the filter for four houi-s and the second 
for two hours ; the addition lasted for four and twelve hours rcbpcctivelY^ 
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the two fillings and two umptyingH ocmipyinix tlio remainini? two lioura. 
The Vied wa« in operntlou for fourteen moiitlis, miiJ productd a reditL*tioti 
III the nxjgeu abäorbed of between 70 and HO per cc?i»t.^ imually mtber 
higher than with thti daily hlling* The effluents were non-putn^hscil do, 
and \iiyd jin rKlonr of hujiin», like natural water derived frtjin peaty gatlier- 
ing grounds. The eapaeity at the tirst tilling every day was larger than 
at the Bceond, be^^ause during the twolvo hour period of aenition the bed 
had a better o]>portiinity of tlrniuing. After previous wetting» the caimcity 
of the l>ed during the hrst 50 Hllinga waa 38 "9 per oenL, rather hlgfacr 
than in the first experiment After 20U HIlingB the capneity bad decreased 
by 25 per cent» of its original value, after 400 hi bug« by mther over 40, 
and after 700 by about 64 per cent. The eaptieity sank from about 40 
per eent. of the total volume of the bed to alx>ut 15 per cent* The 
clogging of the bed took place, therefore, uxore quickly than when the l>ed 
waa filled once a day. 

In a further experiment the contivt^t bed of 3 to 7 mm. üizod material 
received the effluent from a contact lied constructed of coiirse elLnlter, 
After 700 HllingB, at the nite of two daily, the eap^ieity of the contact l>ed 
had fallen from 3(r0 to 2 1 '9 per cent* of the volume of the bed, Thi» 
reduction amount« to about 39 per cent of the original capacity. 

From the above it m evident that the clogging of the lieds may In? 
retarded iu two ways, either by feeding with nniall <piantrtie» of sewage, or 
by »ubniitting the »ewage to a preliminary treatment. In both eases the 
cost of the works woidd bo increased. It becomes a purely financial 
queHtiou, dependent upon local conditiouHj whether smaller works shall be 
constructed at a small original etjst w ith a large outlay for cleaning, owing^ 
to clogging of the beds, or whether works «ball be eonatrueted larger in 
the first instunee at a larger original eoat in order to put off the expenditure 
on regeneration of the beds. 

The öewage which w^ia used in the above experiment» had pissed 
through a detritus tauk, and wüh then^forc frt^* fnim the eoarKcr rtuspended 
jiolida. Siuce then it baa been shown that a more thorough removal of 
the auspondod matters is always jidvisable l>efore adopting cootact l»eds. 
Even if the sewage is first treated in coarse primary Ikhjs, t,^, sulnnittc-d 
to a treatment more thorough than can l>o attained l»y settlement*, septic 
action, or chemical precipitation, a gradual clogging of the beds takes place. 
In an experiment with a bed constructed of gravel 3 t<i 7 mm. in «i^e, charged 
twice a cUy witli the effluent from a primary bed constructed of coke 10 to 
30 mm* in sixe, the capadty of the gravel bed sank from 35*8 to 13*9 por 
cent, after 500 fillings. The capacity of a secondary coke bed eonstmctefl 
of n^jiterial of the nauie 8ize, and reeeiviug the f^flliieut fmm a prirnaTV coke 
bed ooustructed of 10 to 30 uun. material^ Hju>k from 35*1 t-o li5 f>er eent. 
after 550 fill ingH. If we coiuimre these results with tboötr obtained with 
cl inker Iwds*, the compariHon h in favour of clinker; for, without any pre- 
Jimiuary treatment of the öcwage, the capacity of a clinker bed conatrueted 
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of 3 to 7 mm. material, when charged twice a day, sank from 38*9 to 18*4 
per cent, after 550 fillings. 

In another experiment sewage wjis treated in a primary clinker }>ed of 
10 to 30 mm. material and in a secondary clinker bed of 5 to 10 mm. material. 
After 500 fillings the capacity of the secondary bed had snnk from 38*4 to 
26*2 per cent, and after 800 fillings to 23*1 per cent. 

The clogging of the bed also varies with the character of the liquid 
which has to be purified. The following table gives information on this 
point : — 

Effect of Character of Sewage on Capacity of Contact Beds. 



Dale, No. of 
1900. Filling. 



T. 


II. 


III. IV. V. 




Dilnte 
Urine. 


Sewage. Drinking 
1 Water 


Water. 


Filtered. 


1 with 
Unflltered. J5-» 



VI. 



VII. 



VIII. 



Sewage precipitated with 



Apr. 9 


1 


„ 10 


2 


„ 17 


8 


.. 23 1 


14 


. 30 


21 


May 7 


28 


M 14 


36 


M 21 


42 


„ 30 


fil 


June 111 


6S 


„ 18 i 


69 


.. 26' 


76 


July 16 


92 


,. 23 


98 


Aug. 7, 


113 


.. 15 1 


121 


» 23 1 


134 



Lime. 



Capacity (Percentage Volume of Bed). 



Lime and 
Iron Salt. 



Chloride 
of Iron. 



Percentage re- 
duction in 
capacity 



47-9 
40-0 
40-3 
40-3 
400 
401 
40-2 
401 
40-2 
421 
40*2 
415 
41-6 
40-7 
40-7 
40-7 
40-2 



47-0 


48-4 


39-2 


43^ 


884 


48-7 


38-0 


42-1 


39-0 


42-6 


37-9 


41-3 


37-9 


40-2 


87-4 


39-4 


37-9 


£9-4 


38-6 


38-3 


39-2 


41-3 


38-8 


40-6 


39-6 


48-3 


39-3 


438 


39-8 


401 


89-0 


40-0 


871 


80-6 


211 


18*2 



48*2 
41-8 
40-9 
40-3 
89-2 
S8'l 
37-8 
87*8 
37-3 
99*8 
39-2 
41-6 
88-0 
38-0 
87-8 
87-8 
87-4 



47-7 
43-2 
40-2 
41-0 
40-7 
40-4 
88*8 
38-1 
381 
89-8 
89*0 
390 
39*0 
38*6 
37-4 
86-1 
86-7 



26-6 



444 


47-6 


480 


42-0 


41-6 


47-8 1 


39*8 


431 


44-0 


88-6 


43-6 


43-3 


39 1 


48-4 


42-9 


38-4 


41-6 


42-9 


37-6 


41-1 


41-3 


87-6 


426 


411 


42-4 


42-8 


411 


87-7 


43*4 


40-6 


87-6 


40-0 


891 


88-7 


40-1 


376 


88-7 


40-1 


87-6 


37-2 


401 


37-6 


37-8 


40-0 


37-5 


86-5 


39-9 


36-6 


17-8 


WO 


28-9 



Even when charged only once a day and allowed to stand full for four 
hours, the capacity of coke contact beds was reduced by 16*1 per cent, 
during four months, when drinking water was used, t.e. when no biological 
action took place. The same bed, when charged with dilute urine, i.e. 
with a li(juid free from suspended solids, had its capacity reduced in this 
short period by 21*1 per cent.; when charged with filtered sewage by over 
18 per cent.; and when charged with chemically precipitated sewage by 
16 to 24 per cent. It should be noted that the chemically precipitated 
sewage was also filtered in order to free it as far as possible from suspended 
matter. It could not be more clearly demonstrated that under all cir- 
cumstjinces contact beds do gradually become clogged. If, however, the 
suspended solids are of an organic decomposable nature, the process of 
clogging is not greatly accelerated thereby. 
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In a comparison made with four contact beds constructed of various 
material of 3 to 7 mm. size, and receiving sewage in exactly the same 
manner, a clinker l)ed contained 8*22 per cent, of its volume of sludge, a 
bed constructed of pumice-stone 0*67 per cent., a bed of wood charcoal 
5*00 per cent., and a bed of animal charcoal 5*44 per cent. In another 
comparative experiment, after 80 fillings, a (ioke bed constructed of 
2 to 3 mm. material contained 4*55 per cent, of its volume of sludge ; 
whereas a 10 to 20 mm. bed contained only 2*60 per cent.; a gravel bed of 
2 to 3 mm. sized material contained 3*13 per cent.; one of 10 to 20 mm. 
sized material, 2*25 per cent.; and a gravel bed of 5 to 7 mm. sized materia], 
mixed with nails, contained 4*67 per cent, of sludge. 

Calculated on the volume of sewage which the beds had treated, the 
amount of sludge remaining in a clinker bed of 3 to 7 mm. material, after 
725 fillings, was 0*133 per cent, when the bed was charged once a day, and 
0*168 per cent, when charged twice a day. Coke, clinker, gravel, and 
broken bricks gave much lower figures when the material was coarser 
(10 to 30 mm.). Coke, e,g, after 1600 fillings, yielded sludge to the ex- 
tent of 0*034 per cent, of the volume of sewage treated ; clinker, after over 
1000 fillings, 0017 per cent.; gravel, after about 950 fillings, 0*028 per 
cent.; and broken bricks, after 900 fillings, 0*044 per cent. The following 
tiible shows that the sludge deposit is greater in the upper than in the 
lower layers of the filter : — 

Amount of Sludge at various Depths in Contact Beds. 



Size of Material 
(mm.). 


Depth in the Bed 
(cm.). 


Drained Sludge, expressed as per cent, of 
Volume of Bed. 

1 


One Filling per Day. 


Two Fillings per Day. 


3-7 
10-30 


10-20 
20-30 
30-50 
50-70 
70-90 
90-100 


27*8 
25-7 
19-4 
16*4 
17*2 
7*6 


25*8 1 
23-8 
18-2 
18*0 
19-0 
99 1 



All possible variations of the above ex^Miriment were carried out, using 
different material, such as broken bricks, stones, etc., but the results all 
pointed in the same direction. 

The most important result is undoubtedly the fact that contact beds 
clog up, even when constructed of mat<?rial which is very resistant to 
weathering action ; and that such material is inferior, as regards the 
amount of sewage treated and the purification cftected, to material which 
is porous and less resistant to weathering action. 

Loss of Material. — The results obtained after five }• ears' working in 
Englwh towns show that the loss of material on washing contact beds 
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varies, with the nature of the material, from 20 to 25 per cent. In our ex- 
periments we only lost 9*4 per cent. It should be noted, however, that 
our experiments were of shorter duration, and that the clinker had in the 
first place been very carefully sieved, which had not always been the case 
at the larger works in Enjrland, and hence the loss was not entirely due 
to weathering action, but partly to a washing away of the finer material. 

The data from the separate experiments are contained in the following 
table :— 

Loss OF Material on Washing Contact Beds. 





Coal. 


Coke. 


Gravel. 


Size of 










Material 
(inm.)- 


Before 


After 


Before After 


Before 


After 


Washing 


Washing 


Washing ! Washing 


Washing 


Washing 




(per cent. ). 


(per cent. ). 


(per cent.).' (|)er cent.). 


(l)er cent.). 


(percent.). 






Experiment a. 




under 2 


4-0 





7-8 


5-5 


2-5 1 


2-4 


131 


9 9 


14-4 


11-9 


16-5 20-2 


4-5 
5-6 


1 80-3 1 


}^:n^^« 


23-5 ■ 


13-9 |2ÖÖ 


m {ig:n39.8 

84-8 { 2J.|}36-0 


6-8 
8-10 


} ^«•^ i 


iri}««-« 


40-6 


14-8 r^ö 


over 10 


4-2 


8-5 


187 


110 


4-5 1 50 






ExpfTimeiU h. 




under 4 


15-0 


53-3 


1 




.. 


4-5 


21-0 


12-6 


.•• ... ' 






5-6 
6-8 


} "•« { 


v.Y^^ 




... 




... 


8-10 
over 10 


}.180{ 


t\} »•* 











The alteration in the size of the material is the same as that observed 
in sand-washing in connection with waterworks undertakings. After 
washing, the size is somewhat larger than that of the original material. 
It was also shown (Experiment h) that coke and clinker which had once been 
washed was more resistant to weathering action than before being sludged 
up. During the first period of working, therefore, those portions of the 
material arc lost which are most easily weathered. 

The sludge washed out of the beds was of the nature of humus. 
According to the kind of material used in the construction of the beds 
and the method of working, the sludge contained 60 to 75 per cent, of 
moisture, and the loss on ignition amounted to 4 to 6 per cent. The total 
nitrogen varied from about 0*5 to 1*0 per cent. The sludge is easily 
drained, and may be used for raising the level of the land or for improving 
the surface soil. 

In order to diminish the clogging of the beds, to enable the washing to 
be e^irried out as simply as possible, and thus to reduce the cost^ W, J, 
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Dibdin has ooiii4ti*uct€d primary beds of broken slaU-v a wastA? product of 
the tülttk^ i ad UM try J iimtc«d of tidiig »big and .'similar pjrous luftterbil. Tho 
layer« of »late art* st^piraUnl liy mi*;iii» of »luall wlate blocka. l>iiwliii *iJ?ö*«L*rti> 
that by far tlie larger jx»rtioti uf the* «u^pcuded äi»Iidtj, iiud of tht* ^^olids 
which cjiii he sejiaiuted from the aewnge, are rubWl of their putrüscibility 
by the biologicftl i>ro<*fHHe*i taking platte an the s^lateHj and can tlieii ho 
wtyjhed out by means of a hoHe-pipo, Hiö reports ui>on the alat-c lieda at 
Devb^eci, wliere expcrinietits were coinnieueed in Septemlier 1905, and npim 
others at Trowbndgc% are very favonrable, but the procesa d<*es not appear 
to me to 1*0 mtimiaL 

Emptying and Filling the Beds. — The construction of contact beds is 00 
HJniple that nny further de^jerjption appijani unneeeftsarj. With regard to 
the method of working, little need he Haid, Biuce it has already V>eeu pointed 
out thai long periods of aeration are important, and that therefore tlie 
sa wage should not lie allowed to remain Umv long in the bed. If the sewage 
is allowed to remain too long in the ^mis it lieg ins Uj smell of sulphuretted 
hydrogen, due to the reduetiou prot^esseii which tjike plaee m noon as all 
the oxygen in the beds la used up. It is, therefore, very important that 
great care should Ik? lw3Htowed on the working of the he«k. They Hhonld 
not be filled graduaily at the same rate as the sewage is produced» but as 
quickly as possible ; and they should never Ije allowwl to remain full for 
more than four hours Practical men are fully awai-e of the dittieulty of 
carrying out all these ofKratioiis by band, especially in the case of ^nial 
works, where it Ia not always possiVile to apprjint responsible pers<m» fo 
this purpcise* Hence, numeroiis ft>rm» of apparatus have been devisetl for 
automatically tilling and emptying the Wis, Thej are generally evpensivi 
as well as c< implicated, and their regular working is often disturlx?d hy^ 
small unforeseen ean«es* In this din^ction many unfavoundile reports are 
available. At Manche^ster, after testing various automatic devices, it has 
Ijeen decided to operate the contact bed a by hand. 

A comparatively simple apparatus for autouiaticidly filling and empty- 
ing contact betls, devised by S. H. Adams of York, may serve as an 
illustration. From the siewer (A, Irg. 90), the sewage enters the syphon 
{B\ which is eonnected by means of the pipe (C) with the air-vessel (D). 
Through the syphon the sewage enters the cont*ict l>ed (G), The perfomted 
wall (F) serves to prevent the material of the bed from falling into tli© 
regulating chamber (E), In fig, 90 the apparatus is ahowu at a stÄge 
before the bed is completely full. As the filling proceeds, a stage b 
reached, which is d epic ted in fig. 9L The sewage reaches the air-vesael 
(D), and compresses the air which it contains^ until this air is pressed into 
the syphon (B), which is thus put out of action, and the entrance of 
sewage to the bed is stopped. The lM?d remains full until the air is driven 
from the syphon of a siunlar apparatus at the outlet end of the l}ed. As 
soon as »mo bed is filled^ the sewage flows into another in which the air- 
vessel has been emptied of sewage ; and if there are several beds, the various 
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air-veaaela caix be connected in nnch a manner tbut the sewAge etiters the 










Fici. ]>0.— Adtma' Autom&tJc Feed lot CfJiitact Beds, B4>d Fillinft* 

beds autoiiiaticnlly at definite limes* Tbe action im due Uy the injoctinn or 
ejection of uir from a syphon simihir to the one mhown in figs. 90 and 91. 







Fig« 9 L— Adams' Automatic Fee<l for tkinUüt Bods. Bal Ftdl. 

In fig* 92 A system of double contact beds is, shown, fitt«<l with tm 
Adnniü' apiwimtua, Tbo sewage filmst eiiteni the dctritUH tank (S), fmm 




Fio. 02.— Double Contact li-fda fitted with Adtimfi' Autoiimtie Fi«kU 
LottgktiiJiml Section. 

wfiieli thcdeiKHiit h reniove^l by means of a dredger ; it next flown ovt*t the 
äubmerged wall (T) into the septic tank (IJ)^ from wbi*:k Ü\^^3*£dW^viX* ^:ääv 
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)>e rlJHchar^crl thnmgh the well (V) into the detritus tank. Paflsin^ 
Umr'Jitli the Heiini IxkiiyI (W), ami over the Hiibnier^ed wall (X), the Kewage 
i;fit«rrH tlio rÜHtrihiitiii;; tank (Z). Fn>ni here the sewage enter» the bed 
(ii) throii^li AdaiDH' aut^niiatic distrihuting appanitii» (B). As hood a» the 
\hh\ (ii) JH full, the KVphon (B) tills with air and the sewage flow is stopped. 
AfU;r a certain time the air is ex|M;lled from the syphon of an apparatus 
(B') at the outlet end of the befl. The primary bed (G) then empties 

through the apparatus 
(B^) into the secondary 
l3ed (G^), where the 
operation is repeated. 
The same system is 
shown in plan in fig. 93. 
Eesults Obtained. — 
As regards the amount 
of sewage which can be 
dealt with, it was shown 
above that the contact 
process is superior to 
either land filtration or 
irrigation. It is, how- 
ever, inferior to the per- 
colating process about 
to be descril>ed. In 
this latter process the 
volume of sewage which 
can be treated does not 
diminish, l)ecausc of the 
gradual clogging of the 
beds, to the same extent 
as in the c(mtact process. 
(^logging may be con- 
sidenibly lessoned b^' a 
])rcliminary removal of 
the suspended solids 
from the sewage, either 
by settling tanks, septic tanks, ehemical ]>nHMpitation, or even by means 
of primary IkhIs ronstrurted of coarser mat^^rial. 

SjMMMal imiMU'tance sh(»uld also 1h» attacht^l to a thorough dnunage of 
eontact bods. In tlu* earliest IhhIs constructed, many errors were made 
in this (linH'tion. The sewage was intended to flow away through I'hanuels 
eovenMl with ]H^rfomted plates : the holes in these plates soon lH}came 
stop|HHl uj), and the bin^ls eould not run dry : weathering and sludging 
up weiv a<*celenUtMl, and the qualitative and (piantitative results produced 
bv the IumIs were tH»nsidt»niblv interfere<l with. 
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Doublo Contact Beds, fitted with Adams' 
Autoinutit' Feed. Tlan. 
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(tinierAllj «peakiiiir, the eftincntH (mm niniilc contact IkmIh siro not so 
gijod im tliuHO froui eitht^r laml Hltmti<»u ov i miration. It is, however, 
etmy to abtjiin uaii-pntresciblu effliieTitö fnun inmutct IhkIö, and thus* Ut 
fulfil tilt* ui^iial r<*(|i[irüniütiU4j but the cflhuMit« arc rnR'ly pcrfoütly floafi 
üapecially filkn- single contact. The efflui^iitH fmni cHrcfiiHy ciiiistructed 
ooiiUict lii'<ls do not contain any suspended matter derived froui tlie t^inide 
«ewage. They an*, howüver, opidoiMTcnt ; hut on Htanding exp>8«Kl to the 
air they become eleiir, and deposit snia!l (Quantities of a brown s^uhntütice, 
which iH fontid to contain Iron as wi^l] as numc^roua baetcda jnvrl othor 
fi>rm8 (»f life. The effluents are ntrely free from odour ^ they u«nully 
have a slight earthy or nniäty «incll. 

The ammmt of nitrio acid in the ofHuenta fmni contact bwia-ia usually 
less than in those from land filtration and irriiration^ aa well ag from 
percolating filtcr^j. This is due to the fact that in contact binla the nitric 
acid foniied is exposed to reducing actiona wliich may cau«e it lo almost 
entirely disappear. At the present ihiy^ howeverj it is genentlly ret^ogniscd 
that too nnich imiwrtance was formerly attached to the presence of nitric 
Rcifl in the effluents ; in other word«, the biohigical piirificatbn of sewage 
does not aim at the production of nitric acid, and the amount present in 
an effluent is not an infallible index of the degree of purification attained, 
but only in «ome n^easure a safety co-i?fflcient. The more nitric acid is 
present tn an eflluent tlie greater is the guarantee that not only has the 
neoessary purification \men effected, but that it has (.^rtainly l>een 
exceeded 

Bactcriologicfilly considered, the effluents from contact beds are 
inferior to tliose of the other biologica! pn)ce«Mes. The ntmil>er of haeterla 
tn the effluent is generally less than in the crude sewage, but always high. 



Percolating Filtere. 

Advantages and Disadvantages. — ^The contact method described above 
diffcrB from all other methcxls of bioh>gical purification in tliat all the ]Xjre8 
of the l)cd arc filled with sewage and allowetl to remain fidl for some 
timCi The opinion prevailing at the prcHcnt tioic with regard to irrigation 
and land filtration i« also to the effect that each dose of sewage reumins 
in the fK>res of tiie sr^il until it is expelWl and replaced by a fresh dose. 
In the chapter dealing with land filtnition this riew was shown to l>e 
errrjneon«, for the sewage pa^sse^ through the noil in a few tninutt^s, and 
there is only a limit4'd exchauire with the liquid prevmuwly mlhering to the 
soil. The soil only conUilns a quantity of liquid oi[ual to its water-retaining 
capacity, i.^. 16 to IH, or at uifjst 20 f>er cent. : the volume of the jxires is 
considerably more than this, Ihmrjg the whole peri*»tl of operation an 
eichanife of gase« can take place Iwtween the soil and the surrounding 
atninK]»here. It* is otherwise in the r-ontaet procesfl ; for noe or sevenil 
hours the biological processes mid the exchange of ga><cw \vvU\ tt^^i'^^vrtwax^- 
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pKOKm^-cs or sswaoe tbsatuxxy. 
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iag Maaa/fken tm mofpcd^ Mmd lliit ommi be i 
hmfäi^Mf MumdM mkk Mb »eUbod ^ 
wmmt tkm «ümänmim^ mmit, he w e ig hed 

lu l&n, Cmb0ll at ^l/otil dev^kifMd the «xtificid bioloped 
ks an atttrdj iti^w dtrt^ctkn« Thk li« did indepetideiit €< thre Loodog 
€t|imsMSla^ tuiin^ ln& esperimeiila on tkm reiolts t^4alned in 
IfMWcliiwitti Oofftett Attempted to applf tlie pfioetpte kid dovn 
% Bit Ev Fmnldaiid &cid moogidsed I0 be cdtrccl by the Mwxliniwyttin 
«iilhofiij«!^ Ttx*f that in tnteniifttaiit flttimtio« tJfee Itqmd AmUd mImjrK 
Im? iü1rjw«d U> io« fradj Awaj. In adoptiog cmwm maieml in order to 
pttrilj Jjtr^r rottunes of aemige, it had been fouiul difficutt to hriog tbe 
flewag€ into mifficietit oontnc^t «ritb tlie ültariiig niateriaL ft einiplj 
{MUMed tbmij^h tbe burge porei« of tbe filter unpurified. We hAr& mlreadj 
•eeti how iLiteijipU were m^e to oiercoiue tbiis dilbüultj io Miiasa4-'biiiietta 
hf mt^im iti ttii automatic sjpbun arfttugenieut^ wbteb diachargied sewage 
on to tKc filter erery tweaty or thirty minutes. This method waa not 
directly applicable on a large scale. The cbjef difficult j to be OTerDome 
waM to obtttiii n uniform distribution of the sewage over the entire aurfaoe 
of the filter. After many experiments in various directions, Corbett 
adopte<l for thi« ptirpo«e fiied öpray jets from which the sewage was 
distributed uiidf.T pre^ure in the fonn of a fountain. At thia point it 
fttiould Imi mentioned that, in Corbett% opinion, he waa tbe Hist to [>hiüe a 
liiyer f>f half pi|je» undomaath the filters, in order io increaae aeration aud 
f ar^i I i tji t'^ d ni i n ai^e. 

In the bioloifical method the diasoWed organic muttors, aa we hav^e 
»tL*eu, »re f4ep*irat*>fl from the «cwage by surface attraction, and absorbed 
by tin? g4.4iittiicjim film containing vegetable and animal forma of life, 
Thcj more thorougb, then, tbe oontiiot between the sewage and the filtering? 
material, t!ic better and more ea^iily will the purification l>e eftected. 
Such ct>ridiliün« are l>e8t fulfilled by the adoption of üuch a metltod as tJie 
one iieleete<J l>y Corl>ett, in which the sewage falb on the surface of the 
fi lt*^r it» «ingle ilnjps ; each drop apreafls over the surface of the piece of 
clink or on whief* it han fallen^ graduallj collecU on the lower aurfitce of the 
iiiateriHl, or oti isc^nic projection, in the form of a drop, which then falls on 
to the next lower piece, and so on luitil the bottom of the filter in rejudied, 
lancier liiic^ii couditiouH ai>sorption proceyjieB are much more favoured than 
in contact IrhI«, into which the »ewage i« charged in a comparatively 
«triiiig curixuit, whtcli waahes off pari of the growths and humus depoali^ 
ipiickly reachcM the bottom of tbe bed, and m ibs level j^radually rises, 
hllM the (Ktrcrt without eat^b particle of liquid coining in contact with the 
«iirfmju of tlui miiLcriuL Moreover, in Corbett'a method of opi^ration the 
lit can continually circulate thixuigli the filter, make up any deficit of 
jfgen, and carry away the carbon dioxide which ln\H Iwen fttnned. The 
t'r (if iutcimQ weathering action ia thus dimiimhed. Vital activity too. 
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not only of the rwit^ro-ür^atiiHim, but alao of the liigber fonns of life, le 
erjtroiira^od by tlie btlt-cT licratioii which Uikes pliicc in percolating tiltüra. 

Thy üonditionB in a percobvting filter are far more favonrablo for the 
processes of absorption, deeompoäition, and oxidation than in a contact 
bud, and hence it bt^coiiicsi a question merely tin to whether the even 
diatrÜHition ueeesmny for peR'oIating filters does not present greater 
technical ditticulties and eo«t more thuu currying out the contact process. 

In the contact proce»s one great diaad vantage la that the filling and 
emptying of the beds muüt be carried out reg:nlarH% or bad residt« ensne. 
We have seen how tlxia regularity ha« bec^n »ought to be atUiiued by 
means of uut^^mattc apjjtLmtus ; but such upparatus is generally either 
ex[ienRivc or unreliable, and has failed to give satisfaction. With 
percolating filter» uumy of the form» of distribnting apparatus at first 
devised were also unreliable. The conviction soon gained gronnd that 
pereolatiug filters were capable of treating much larger vohmies of sewage 
tlian contact beds. At present, contact liods arc constructed of such a 
size that they have not to deal with more than half a cubic yard of sewage 
per twenty- four hom^s ou each cubic yard of be<l. When percolating 
filters wore first introduced they were cnxlitid with cxtmordinary 
capabilities. Just us with contact Wis their capabilities were originally 
very much overestiniated. 

It must Ix} r«.^g:Lrded as a great advantage of percolating filters that 
they need not necessarily be constructed of fine material in order to effect 
a high degree of purification. There its, therefore, less danger of clogging 
than witl* contact Ijedä, The cost of breaking and sieving the imtterial 
need not be incurred with i^ereolatitig filter». Contact beds clog through- 
out the Ijed, which necessitates the remo%ml of the material for washing. 
There la this danger also with percolating filters, if the lower layers are 
constructed of finer material than the upper. If, liowever, in the 
construction of the ftltcni, care is taken to have material of gmdually 
increasing sisce towards the bottom, the solids can be easily washed through 
with the efllnent. At Leetis it has been shown that sewage which had 
only passed through a detritus tank, and therefore containcHJ large ainoniit-s 
of solids, c^onld be treated oti a suitably conslrneted perc<jlating filter 
without anv danger of shidging up. The previouMly mentioned firx'Ciilent 
hunms [mrtlclcs art< washed out with the eMnent^ and, since they settle 
rapidly, a comparatively small settling tank placed after the filters suHices 
to keep them from the stream. The working of this process is also less of 
a nuisance than the sedimentation of crude sew^age, liecause the aludge 
thus olitained is non-putrescible, easily drained, and may be employed for 
filling- in wjiste land. 

ronkiei beds inuftt be constrncted in water-tight tanks of suitable 
strength, and this often means conjsiderabte expenditure on the con- 
struction of wulls. Percolating filtens, on tlie other hand, do not re<piire 
water4ight side walls, since they are never filled with sewage. A v^^^x- 
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tight biiHf, Of, MiMce the m*wi\ge ia generally sufficiently piirifit^d when it 
refiehc% thu Iwifie, efRinent dminage i» all that is tieaeseairy. The eaitieol 
from ptTCobitihg fi Iters* in not t!i»üh»irj^Lsi öuddotily, usi from contact bedj*. 
hut everdy tlironghtjut tbü day, except tor the vuriatioii» in the flow af the 
itiootiiiiig sewage. TWm may he rc»|^rded as a ^^nsiderable advanta^te^l 
Gspooially for very uniall streami^ on account of the even tmxlng whi 
takt« place iu the stream* 

Agiiiiiat the abave advautage» there are only to be placed the following 
disad vantages : Th<* sewage is cooled more in percohititig filters tbati in 
eiHitact beds. But even in tlie cold eliiuvitc of North Ainenca, petcolAtiiig 
filters work öatiBfactorily when tht' cliiiinte is taken into account in 
ehotising tlio dintributin^^ jippurattiSt Another ditiad vantage is tlmt tbu 
fine diBtnbiition of tiie Hcwiigc j^ivcs r»^ to objoütiüuablc otlours, e^pecially 
if the sewiijjje ha» l>tH!ume strongly septio. Finally, it is (Ui nndotibtefl fact 
that many of the fornix of dijitrihuting appai-atus which have been 
deviiied for |»eruulatin^ fiUersi cau»c a much larger ex[K.^nditiirc than ean 
be jüätiBed by the incrciLaütl voliinie uf sewage which can be dealt with, 

lu 181)0 it was shown at the Uiwrcnce Expcrinaeut Stiition in Mas- 
nachuBetta thjit filters constructed of coarse gmvel could be charged with 
sewt^e tio IcHs than seventy tinieM daily, and yet prcniuce JUi ejcellent 
degree of puriHeatiou, m long wi each charge wiiä only lai-gc enoni^h to 

trickle over the surface of the 
nmlerial aud uot m lai^e as to 
fall through the pi »res. 

Waringa Filter.— In 1891, 
Waring psileutcd a filter, and iu 
1894 coimtructed laic at New- 
port, Rhode Island. Thia uvim 
distribution of the aewjigc was 
cHeetetJ by a layer of line gravel 
Ol, lig, 94), which was placed 
over coarser ni atonal. This ar- 
ningcinent interfered with the 
uatund aeration of the filter, 
and Waring considered it neces- 
tiary to blow the air rei[uistte 
for the biological proeeüsea into 
the tilter through the pipe (a). 
The sewage trickled downward» througli the filter, whilst the air rose 
thnnigh the false Wttom and npwanls through the filter, cBCäiping throut^h 
the \vutilatit»n pipt^s (c). A ** strainer " preceded the^^e Inologieal filters. 
The atminer received sewage at the rate of al>oiit Bj uiillinu gallons per 
wms \M}v (hiy, whilst tltc filter rcci^ivt-il the effluent from the «tndner at a 
mte of rather under a ujillion gallons jier acre per day. The oxygen 
abaorbcd was reduced by the strainer by 51*2 per cent., and after filtration 




Flo. 94>— W^iiog'js Trickling Filter 
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the rtnliiction wai* 92-5 per cent, on tlie avenijLj;c, tht- nmxtmwiii reUuctiot» 
being 99 OH per cent, 

Lowcock'e rilten — In 1892, Lowoj<.4 uuni^ trusted fiUcrH at Miüvi^ni, 
tmd liiior iit \\ alvurhuiupton, Englantl, lo trt-tit «vwage winch hud pre- 
viously iiridergoiie chemiciU prucipitatiou. In this mmo also tlit* dibtrihn- 
tion wa^ etfectcfl by rnoaiis of u titie ttip hiytr of gmvel, unU^ in the lovv^ir 
kyefM of t'CMir»i-'r m!iU?riHl| pijx'ii (H, hg. 95) were lairl for rtriifieial iienitiou. 
The artificial aeration, however, proved to be ex|Kinsive, and it wuh very 
dirtieult to distribute the t'omprf*SHOil air eveiily thnmghoiit the Hlter. 
The punlieatiou ubtjiined was very satis*faet<iry* The liest res u I to were 
obtained at a rate of a ipiartc^r of a millioti gidbna per acre per day. The 
oxygen absorWl was rotJueed by 77 percent* the albrnniuoid annuonia by 
80 per eeut., und the free ammonia by 70 per eeut. 

Corbett's Filter.— In February 1893, Oorbett eonatructed experimental 
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Fio* »5.— LowüocV« Tricklujg Filter. 



lilterif at Salford of Hand, gravel, eoke, und cinderB. He apiHuaii« to have 
Ijeen the Hrat to use dndera, and Le atat^s that at first he had no great hoiHja 
of their pri>ving snceeHsfuh Corbett's Hlters were not only constrneted of 
evenly graded materiaU hut also in thrt^e or four layers of variuiialy siaed 
material^ placed one above another. He alao tried tlio effect of luaWng an 
air eumpartinent Vietvveeii the »ei:wtnite layers, au that the »ewage oiight dit>p 
fnuii one layer tij the other in the form of rain, but the res nit« were itL 
favour of eotnpict Hlterä, The fie wage wti» tirtit led on to the fittani by 
raeaiiH of wooden troughs laid on the surhwe of the material ; these were 
next plaecd several feet !ibove tho tiltei's, sio tliat the sewage might fail 
on t*i the filters in the form of a shower. Later, experiments were carried 
out with rotJiting sprinklers, and finally the sfjnty jet.% whii^h hnv<* alr^ni/lv 
Iieen metifclonL^l juul which will be further deseribed Inter, wen* adopts*«!. 

Girl»ett nm>l eheinieally prücipitfitod newage in his esjK?riiuentH, and 
succeeded in thoronglily pnrif^^ng daily trtJrn TiOO to UKH) gallon» [j+^r 
srpiarcj yartl of filter fotir feet deep. 
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Stoddart^s Füter.— lu 1898, R Wallis Stoddsirt of IkrnUA publbhed 
tijuUiixl itf (UötributiüLi for |>üi'tioltiitmg tiltera, which dittbr« from all otht^r 
known uit-tbods to auch an us tent that I imjuirccl of liim jm to whtiL liad 
foruiLtl the baäiö of his iippiirntua. His reply eoDVüya the ideji that in liis 
apiiiioii he waa tho first t4i devt^op an artiticinl Inologtcul procewi on the 
pe reol iiti ng bj a t^* t i i . Frai i khind h e x pe r i men t« of 1 8 7 ( pp . 110, 14 5) » he sii js, 
and the work of Scldoe^iing and Miiuta aiid Wiuogrudaky **u the hiolo^iciil 
natura of nitrifiui^tion (p, 140), had alono formed the hmm of his methcxi* 
His olijoet was to diwi^e a iiiotbod in which tl»e oxidiöin^' niicro<»r^^ani8ms 
eoiild r^jtnain coiitinuotmly at work^ without hein^^ subjecteil to the iutcrru[)- 
tioiu* which occur in hmd filtruttou It shoidd be 
noted that 8t<x!dart shared tiie getierally prevaleot 
erroneous view of land filtration which wan j^iven on 
p. 139. Stoddart writes that, as early a** 1883, he 
made UMe of the apj>amtua depicted in fig, 96 fur 
lecture purposes. The apparatua waa exhibited before 
the British Medical Association in 1894, aft^r the 
ptiblication in 1893 of a descriptive article. A aolu- 
tiuu uf animonnLiu sulphate was dropped on to pieoee 
of coarae chalk contained in burette«, and eoniplet 
nitrification was obtJiiued. The experimeiU was s 
devised that air could continuously pMsjs through the 
chalk along with the liijuid. iStodrlart jMirfected his 
system in the following years, and eoiisstmctcd an , 
installation (ügs. 97 an<l 98) on a praetic4\l acala' 
in 1898, 

When S*5toddart states that the Masimchnsotta wx- 
perimenta have not influenced him In any way in hi^ 
ex|)crimentH I have no reason for doubt; but when 
lie goes further, and maiutaiim that the Massachue^^tts 
ux|)eriments have not contributed in any way to the 
deveh^pment of the iier<.^>latin^ system, 1 must ditfi^r 
from him, and uphold the view» expressed at the 
beginning of this chapter. By his publication of 
1893, Sttnldart, sti far as 1 am hiformetl, did not esüdilish bis priority in 
pereolating uiethodts, for at that date Corhetts exi>erimentä had alrt^ady 
been eommcnced* With regard to his experinienta of earlier date I am 
not in a powition to express an opinioii. It is well known that in rjuestion» 
of priority a correct judgment is usually only grmiually attitiued, and the 
processes hero involve*! are undergoing Buch rapid development at th© 
present time that defrnit*^ eoncbiaions u{m«j the historical aspect of the 
question ean «earcely lie expecteiL In view of the fact that Stixldart 
fee Li I hat Ids coutrihiitions have received Urn little consideration* I have 
expressed bin opinions here at some length. 

The construction adopted by Stoddart in 1898 was one in which the 




Flo, 96.— ^tofldan'fi 
E)cperimcttt4. 
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fiewa^e was distributed in the form of min by means of corrujrated per- 
fonited plates. From the inbt channel («, fig. 97) tlie sewage overtiowä 
into the ehanneb of the eorrugated plates (tig. 98). Tlie platetj are 
perfonitetl mh the top of the rifl^e.s, and the isewage flowti tlmjiiixh these 




Fltl, Ö7,— Biological Filter» on Stoddarf s 8yst«tju 

holes, down the nnder surf^ict^ of the |ilate, until it reaches the small 
pmjectionM at the lowest jMihit, from which it drops on to the filter. The 
filters themaelveö are constriieted of nnifiirm sissed material, eindem or 
eoke, 2 inches to 3 inches in mism?, ai>d a jard or two in depth, usiially 2 
yardu (fi^. 99). The tmmber of distributing projections per siiuaro janl 
is 350 to 400.' Sto<ldart'8 
distributor has tieen adopted 
at Horfield and Knowle near 
Bristol, und has Vieen uHed for 
experimenta at various placea, 
guch as Mane heftier, Leed», 
and SaltJäbury. The piiritica- 
tion pnjduced is satiafjict-ory. 
The necessary even distribu- 
tion ia only obtÄined when the distributorB are perfeetly level, and any 
deviation euuac« bad resultis. Even drstribution is also said to l>e 
endangered by the growth of fungus in the distributing chaniielH, and 
heuco these have Uy be periodically cleaned out. The filters deal with 
five and a half cubic yards of sewage per square yawl of filter, or, 
since the filters are two yarrls deep, with nearly thrtn.* cubic yartls per 
cubic yard of filtering material per day. In filtei-s which had no side 
protection, stitisfactory purification was obtaiined at a tein|>erttture of 




Fkk 98,— 8to<ld*rt'» DistTibutor. 



194 



PBTNCIPLE8 OF SKWAGE TREATMENT, 




- 9"5* C, altliougii a thick coA^ering of iüd was formerl in tJic diitribiitiiij 
channcla. Whöri trenting »optic Uink oHliieiit at tho mte of 1 5 ciiliri* yards 
ptT s^juarr ynrd per daj^ the effluent fnmi th« filter isontaincd I'O part of 




Fig. 99* — Stodd art's Biological Fill en Cross SeoUo«, 



free ammonia, 0r2d part of albuminoid ammoniai 7 '92 parte of nitric acid» 
and iiad an oxygen aljaorbed of I '87 parts per 100,000. Ciilculated oti the 
septic tank eflSueut, thy rudnction in the alhunjiiiiiid ammunia was 84 
per aenU and in the oxygen absorbed 73 per <ieut. 

In the njeantimej C*>rl>ett 
had ropkcod his distribut- 
jng troughs by fixed pipes, 
through M?hich the sewajre 
wa^ discharged periodioally 
by meana of a ayphon 
(fig, K>0). 

Garäeld'B Filter.~Iti 
1896, CJarfield «sod fixed 
pi pen for the diutrihiition of 
sewage, Garfield s hi tern 
were constructed of coal, and 
the pipt^ were laid on the 
surface about 3 feet apart and j^erfnmtefl at points every 3 feet* Cbnj 
filters which he constructed at Wolverhaiiipton at that date have 
given satisfactory results ; they were construettHl of a tcital deptli of 
6 feet^ made up an follow»: On the bed of the iilter a 3- inch layer 
of I'ineh uiaterial waa placed^ and over this a 25'iuch layer of |4uch 
material, followed liy a 25-inch layer of uiatenal J-itieh to J4ueh in nisse. 
The top layer of 7 in eh es consisted of eoal dust, which pasüed through m 




Fio. 100,— Corbett*» Sewage Diiitribntor for 
lutermitteat Action, 
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J-jiich riiügh* The aewnge lea%in^ the perforated pijicH iiiideT presstire was 
(listribulecl in thi:^ form of a fmi by ujeaiis of metal plates laid over the 
perfümtioiiB, The filtora wem feU oontiMiiously for twelve hour« and then 
fdlowed ti> retit for twelve hour^. At other pli*et'ti tbö filtons witre opi'rat4jd 
ill füm-lioiir periods. Chemieally precipitated sewage was treated iit the 
rate of 250 gallüiiü per square yard daily, tiarfield's process, with certain 
mofliKeations in the amnigement of the layers of coal, was adopted later at 
Tipton^ Liebfi^oldj Chesterfield, Kiniherley, and other places. At Liehtield 
I have Been the eflfluent diwehar^^ed from the filters, and it wa» perfectly 
clear, eolourlea«, and without Minell, Pnbliahcd analyneti «how that tlie 
oxygen absorbed of the cheniirially t recited sewages w^as re^biced by 70 
per cent, on an average* Some ex|jerts n^aintaiu that eoal 1^ especially 
liable to weathering action ; this* very probably depends upon the kind 
of üOftb The satisfactory results prctduced by Gartield*s works are to 
be attri1>utt*d in the first place to the rational manner in which they 
have been workwi I have not l>een able to eoovine^ myself that coal 
poflBessGS any special purifying action greater than that possessed by 
other materials, 

Tiie distribution of sewage over tfic surface of filters by means of fixed 
perforated pipe« wQl never be very even. By feeding the pipes from a 
tank in which tlie sewage collects and from which it is emptied by sy phonic 
action (fig, 100), the sewage is first «praycHi to the further jxjrtions of the 
filter, and| as the water level in the tiwik shxksj the nearer portions Receive 
tieir dose. Such primitive arrangements, however, are not as siitisfactory 
1 spmy jets, to be describt^d later* 

A more effieiont distribution wjis attempted by triaking the perforated 
pifie?^ movable* They wetv firt^t mount«! at the centre and revolver! 
aliout this ptihit (rotating ^jprinklers)* Later they were constrneted so 
as to move over rectangular iiii>lcjgieal filters, Uotating sprinklers 
only serve circular areas, and the are^i Isetwcen the separate circles is 
not utitised« 

Whittaker- Bryant Filter. — After Corbett bad expenuieutcti, in 1894, 
with rotating spritiklen^, Whittaker ami Bryant constructe<l filters fitted 
with these at Accrington in 1898, and Candy oonstruete<l experimental 
works at Iteigatu in the jynoi^ Jt^r* 

At Accrington the spriuk lern had four arm», each 50 feet long (fig. 101), 
antl were arninged in a group of four, over octagonal shapetl filters sur- 
rounded by lo<>8e walls (fig* 10!i), The filteix were constructed of 2-ineh 
to 34nch material 8 Ui 9 feet deep. The sew^ige was f(*d ti> the sprinklers 
by in^aUB of a pidsrinieter pump, which warmed the sewage at the same 
time» At that date thevt like Ihicat^ attache*] much imjxirtance to the 
heating of the sewage, but hiU^r e>;i>t*riiiietits at Leed,4 have shown that no 
advantage ia to be gained by such procedure. Fi^ixling by means of 
piUsometcr pumps proved to l»e very expensive and was given up, Inter- 
tnittont feeding is obtained by the arms of the sprinklerb pissbig over the. 
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surface of the filters one aftt^r the other. The «ewage is spread over the 
surface of tiie upper layera of ninterial, falls to the lowest \mh\i of each 




Fi(j, IDL— Whit taker and Bryant SpriiikW nt Aßcrin^toti, 

piece of materiah ^^^^ then drops to the next lower layer, and m on, until 
ill afro lit ten niiuutifSi the button i of the filU^r is reach efl, whieh h underlaid 
witli half -round jM^rforated pipes (fig, 103). The efliuent is clear and non- 




Flu* 102. — WliitUkiJi: .uiJ liiyaut Biülügicd Filt^räj ni Äeodugtoij. 

piitreöeilile, although oyer 400 gallons of »eptieiÄed sewage are treat 
dailj per si^tiare )*arti of ülter» or rather lesü than 100 gallon» per cubic 
jard. The reduction effected in the oxygen absorbed anionntB to 90 per 
cent. Floccnknt peaty matter gradually l>egan to separate out from tbi? 
eSlueut ; tbi.-i wasj at Hrst easily settled out by the introduction of a weir. 
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but later, aettUug tanks had to be constructed in order to k^p it from 
the »treani. 

The sprinklers at Accrington were öopported on columnB^ aa depicted 
in fig, 104* The friction öurfaceM were 
at tho top of the eohniins, and at the 
bottom mercury seals were provided. 

According to the ejEperiencc gained in 
Leed^ a quantity of sewage less than about 
225 galions per »tjuare yard per day is not 
Bufticient to koep Whittaker sprinklers 
in actioQi and the perforated pipes Buist 
bo brushed out once a day, to prevent 
the holes from becoming stopped up» 
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Fig. 103. — Aeiitiöii anJ Dnun Pips at the 
Bottom of Acciitigtoii filter. 



Fiti, ll)4,"Accringbon Sprinkler. 
Mercucy Seal. 



Gaudy-Caink Sprinkler.— The sprinkler coustrueted by Candy*Caink at 
lleigate differs from the preceding one materially in that a veasel is provided 






at the junction of tho two distributing amis (fig. 105). Thm vessel is cpiickly 
filled with sewage, and then empties itself gradually through tho holes in 
the sprinkler arms. The sudden tilling of the vessel enables the sprinkler 
to be Würked with a less head of sewage tlian would be ^^of^V^V:, n^Ctcö^ 



igS 



PRINCIPLES OF SEWAGE TREATMENT. 



coiitiiitious action. The apptiratus whicii intorrupts the eontinuoiiB 
actiün IM dc*picted lu fig. 106. A vessel eoüiieeted by tiieans of a lever 
with tbo valve iiflmittiog the ßewAge to the veHscl of the sprinkler 
is so arranged as to fill with Kewii^o m a definite time and thu^ to 
gain aufficieut weight to raise the lever and open tlie valve* According 
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Fl a. lOd.— A Pfifft tus for Fesding Catidy Bptiitkler lulcrmitteiitly at Leeds. 

to the voluuie of «cwage t^ he treiited, the appanitim üaii be arranged 
to revolve the «pr inkier For one minute and to rcfit for two minutiis, 
or to revolve for two niinuiea antl rest for four minutes^ ete. A dis- 
advantage of this apparattis m that a certain volume of uewage is 
discharged at one p<iint each time liefore the sprinkler b brotigbt into 




Kit;, 107.— Afi[)artitus for Mrftsutliig Ulm ige ji ml ttVdni^ ;SpHüklerä 
iuUrmittt'titly» Matlv(?r nud PUtt. 

action, atit] that the Tuotioti m more sudden than with the eontinuoufci 
evenly rotating Wliittaker bprinkler* In a htnii wbieh was e vol veil 
somewhat later, Candy *i|trink]era have been adopted liv a lar»fe ntnriher^ 
of EnglUh towrm. 

Mather and Piatt's Sprinkler.^Mather and Plntt have devised the 
iornj vi ^ippanitus ^hown in lig. 107, for the intermittent doling »t 
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biological filters. The sewage collects in the merisuring vessel (A) so long 
ajä the valve (B) is clo»txl. Through tbe ilex i hie pipe (E) the sewage enter» 







FlU. 109.— MAther und Piatt Sprinkler, witli Opeti CKaztnels. 

the drum (U), vshich, wlien tilled with »ewage, becomen heavier than tlie 

weight (F). The drum (D) therefore fall«» und opens the valve (B), thiia 

a^lniitting the sewiige to the jes* 

sprinkler, Ahithcr and Fhilt U^| 

were the Hrst to replace the 
k^asily clogged perforated pipes 

by open trough» (hg* 108), 

The fignre also illimt rates the 

measuring vei^el and inter- 
rupter. The dnitu 
Land therefore the nieasnring 
"veissei m tilling. As will lie 

Bcen from the figure, the 

aewiige is led hi fn^ni the 

bottom, v^ in the Whittnker 

sprinkler* The ri>tatiüii uf 

the sprinkler m fau'ilitatt^d by 

the t uridine lihown in tig, 

]09f whiL'h m dtuated in 

the eentnil jHntion of the 

Mprinkier, m\A thruiigh which 

the sewage has to pass before 

peaching tlie open tPiughs. 

During the hmt few yeurs 

Mather and Pkitt have eon- 

atrncted muny sewage piiri- 

heation works, in which sprinklers have been adopted, feeding filters 




109.— Mather und Platt Sprinkler, 

driven by TurViinc«. 
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horn 14 Ui 207 feot in diameter. One of their larger fortnsof dbtributor, 
drivt^n by electricityi h äbown in fig* 1 10* 




Fia. IIO*— Matheratid Piatt S|)rii)kler, electrically Mveu (ühiebeaUr), 




I'jfj. 111. 



-Uiriiaugham S|ninklera, 



In fig. Ill two of the large Bprinkler filters are shown, whteh have l>eou 
erected at Birmingham for the purpose of making comparative experiment». 
Tli6»e idm are <Irivün electritailly. 
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JenoingB' Sprinkler^^Tn the fonn of spriiikler shown in fij^, 112, 
constructed by Ueorge JenningK, Lul.j Lrji^doHj the öcwagü its led into a 



Fia. 112, — Jetiiiingti' Rotatiag Sprinkler^ wilh dyplioulo Fe^d 

fixed vessel in the centre of the filter, Tlie ends of tlie 8prinkler unn^ dip 
into thia vessel and syphon the sewage out. Another mothorl of üupp*jrting 
and feeding Bprinklers, adopted by JonningB, 
h shown in Hg* 113. 

Scott-Moncrieif'8 Sprinkler,— The large 
sprinkler ahown in tig* 114 was erected at 
liirmingham by Scott- Mo» urieff for experi- 
mental piirpüfteii. The aewage flow» out of 
a movable open trough, and the sprinkler 
iH rotäited by means of a motor rimning on 
lines around the filter. The distribution 
obtained hi this manner is very good, bnt 
'the oost is said to be prohibitive. 

Fiddian Biitributor, — Quite Dovel was 
the ide^ of Fiddian to allow the sewage to 
iischargo from eup» into a distributing 
apparatus which had the form of an over- 
driven water-wheel (fig* 115). As soon as 
tlie gr*xjves of the wheel bettome tilled, thu 
wheel rotates» Iti tig. 116 is shown a 
Fiddian distributor, fitted ready for the till- 
ing of the filter at Knrield, I have seen 
this distributor in operation, and at the 
same time two others in which the sewage 
was distributed by means of fierf orated 
pipes. The surhvce of the litters fed with 
perforated pipes was covered with a tlilck, 
grey, slimy, evibsmelllng vegetation. At 
Leeds and other tpwiLS such vegetation 
eonsi<ler4blj interfered with the puritiuation of the sewage. On the 
Fitldian filter, which waj fed with the same sewage and at the same 
rate as the other filtei-s, this grey growth was absent, and in its place 
a green growth of alg» Wits noticeable, which had uo smell* In all 




Fits, 1 13. —Method of Suppf^rt 
tor Jemiinga' Sprinkler, 
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three vv^gh llie tsewtige was derived from ono and the Hame septic tank, 




Fio. 114,— Scott- Moil orieiTDktribntor^ motor ilnvon ^BiimiiighnmJ. 

80 that tiie method of di^tiribution alone could account for the variatione 
in the growths on the nurfuoe of the filters. 




Fid. llß,-^Ftddi»Ji Ditftttbu tor (Enfield). 

Fiddiaii distributor», which are manufactured hy JÜrüh, Killon *k Co. 
of Man^liegterT are about twice as citpensive aj^ other foriiii? of distribn* 
tot. Thej htive, howtntr, tjuicklj attained a good reputtitiüu, bceaua©, 
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possüsaiiitj; no imrrow holes likuly to Ittjcojne cloi^^j^etl, the aewiige ciui How 
freely, l>ccftUMo als^o of their relJaViility in working, tho evuii distribittioii of 
the sewage, and for varioua other reastnis. 

Travelling Distributors. — In idditton to rot^iting aprinklerü, tnivGlling 
distributors have hitely betn laloptcJ for the |>ni*|M>{!ie of feeding reeUoignlar 




Flu, llG. — FitlUikiii DUtnbut<»r, in cuüisü oi trectitu** 

biologieul iiltei^. The form shown hi tig. IIT ia moved backwards» and 
ffjrwards l>y uioivnu of electrleity* The aewiige ia syphoned from tho feetl 
chaonel »itiuited Iwtween thu two filters and diatribnted by meana of open 
trun^h«. 

Adopthig the principle of the overdriven water-wheel intnjdnt.^t>d by 




Viu. 117 



-Will ux and tliukf^ Distributor tor KLcUiJi^ulai' FIIUtb, juoIoi ünvtu. 



FiddlÄii, Ham, Baker & Co. have constructed a travelling diatributor at 
Bolton (fig. 11^)» The aowage ia di^scharged from en pa on Uj one j^ide of 
the water-wtieolj ho that the itp[i*irHtnH nmvew in ttie directum t<iwajflä 
the«e cups. Ajs üoou tm the end of the tilt^LT is ivuctie«!^ a k-ver collide« 
with a buflfer f P, fig. 1 18), and cauae» the current of sewage to be deflected 
to a «eriea of buckets on tlie other s^ide of the water-wlieeb ao that the 
apptvnituü movcfi aulomaticiilly baekwurtla. 1 have Hceii tUe 'Aj(^'sj»xiüXjaak 
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ff». lU.— fi«^ Bttk^ 1 € 



dfalfieC, hiwrPM; nioifig ojKiiitkii» ate canned oa^ villi tfa naolt tliAt 
tlwr flMttl ocowiiMülij mb and lbs wb bAve to be ktcüea mh^ßk. 




¥nh llü*— J^miiüga' Difitribulor for Keutaiigular FiJtei^. 

JtiimiiigM ttlmj workt* » tra veiling distributor by Dieans uf u wat*r- wheel 
(11, liK- IIU). 
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Scott-MoBCriefTs Method of Distribution. — At tliiü pciiut, for the sake 
of compltfttjuefis, 11 metliofi of distribution should be dejÄcrilied^ of which iiiiich 
has been heard. In 1891 Scott- MoncriefF construe ted bia oultivatioix tank 
(eee p. 96), ni?* li tank filled with »tones (fig. 120). The sewage enters 
by the pipe (A), posse« beueath the iwrfomtcd fiottom of the tiink (G), aud 
upwarda through the tatik, leaving the uiidiss*>lved solids and dinchargtüg 
through the pifH]* (J) on to the tipping apparatus (M), which throws the 





F1CI&. 120, 12L— SGott-MonQriefl''fl Ci)ltiYa,tioij Tank aitd BloLogkal Filter. 

f «ewa^ on to the surface of the coke (see also fig, 121). The sewage tht^n 
drops gradually through the trays (P). The apparatus ha.s Iteen adopted 
for variotis private iioiises^ bamicka, and similar institutions. 

Ducat's Filter,— The filter invented by Ducat htm also reeeived niueh 
attention and deserves mention here (fig, 122), The walls of the filter are 
composed of drain -pipes placed nearly horizou tally, with the object of eficct- 
ing aeration from the sides. In order to restore the coiisei|ueut loss of heat, 
the filter is provided with a heating apparatus. The sewage is distributed 



Ou^/ft ife/ftffators 




¥iü:^12%^Düü&Vs Biological Filter» with Hen ting Arrangpmciit 

over the surface of the filter by means of tipping troughs, Tiie filter is 
construeted in various layers, as shown in fig. 133. 

Sprayers. —^ Co rliett ha« adhered to Hxed sprinklers, which he has 
gradually perfeeted, finally adopting a form in which the sewage is sprayed 
in the form of a fountain. For a tinie he used the jet depleted m fig. 124, 
which sent a ühcet of sewage over the surface of the filter, as shown in fig. 
125, This method of distribution baa given every satisfaction at Sulford, 
and it has been adopted by Watson at Birmingham on a very large scale. 
Watson has adopted the form of jet shown iii fig. 126. In the centre it 
carries a nail (A), whitsh can be taken out and replaced if the jet show«. 
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FlQ* 123.— Ducat'* Biolo|yic»l Filter, ahuwing Mithml of Aemttou and Gnuling M&t«rii1. 




Fio. 124.— Gjern and Hftniaon Spray J<?t, ns used by C«rl>ett &t Salford. 




Fin, 125.— Gj ere tnfl Harrison Fixerl Spray 
Jet in Aation, 



Fifi. 12R.— Harij, Baker & Co. 
Spriiyer nt Birminglmm. 
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gignB of bad distribution. A Btnuinghaiu Jilter ig ahown in cnms-äection 







Fia, 127. — Binniiiglmm Filters* Oost Section, 

in fig. 127, and in perspective in fig. 128. The woll-known engineens 
Fuller and Hering hava also id opted fixed «pray jets at tbe Coliunbua 




Kill. 123. — Qinnijigliam Filt^jro. Binl'i-eye Ymvf, 

Experiment Slutjuri, aft<»r making cimifmruti^'ci rxfHTirm.'rit8 witli all miit- 
ablt? njt^tbüdü *>f dintnliiition : tlicse witi* aiJoptoil in viy% ^iC VX>to ^jt^si^w 
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froHtH wliicb f>ccur iü tha l-nitcd Stutea, A filter, fitted with a spray jet» 
is shown in fig. 1*29, as it was seen hy Winslow in winter. Tbe filter was 
covered with tee and sDow^ and yet «utrounditig tbe spt^y jet the heat of 
the fiewage wüs suiSeient to keep the nurince of the filter free, even under 



Flo. 12Ö.— ColmmlMi» Spray t*t m Wimen 

the dittietilt circiiDintAnees depicted. On this ac(K»unt Hering aud Fuller 
have reeoin mended the adoption of these spray jets at Bäiltiuiore. They 
use the Coliaiiiiiua api*ayer, shown in fig, 130. The sewage passes freely 
through the jet, and then is forccMl against a cone, which diBtTibutes it in 
the manner it lustra ted by fig. 13L Clogging of the jets, auch a^ occurs 





l^ 



FicJ. 130. — Co)ut»t>ui Spray L'r, 



^^Äj^iäiyb^l^ 



WiQ, ISI,— Columbui SptTiver in Aotion. 



At Birniirighamf ohiefiy on account of grease depoBition, is said itot to 
occur witli the Columbus sprayer* Through the kindness of Franze of 
l^ipsic, I httve received a Columbu» sprayer, but experiments wbich I have 
carrieri out on tbe evenness of the distriliulion have not been quite satis- 
factory. This fault ia acknowledged by ik W. Fuller, but it is intended 
to \m overcame at l?a1fcimore by fitst collecting the sewage in tanks which 
uri* ti} he vmjiiml Intermittently in tbe manner described on p. H>9, Io_ 
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this maimer the pressure on the jet^ will he varied, aod a more even 
distri bii t ion const« j ue n t\y ol jta i ned. 

In the niüantimo I have had other forms of sprayer» «ubmitted to me, 
but these will not he destiribed here, esi^HJcially iia they do uot meet all the 
dilticnlfcieö which present themaelves in spraying aewage. They will be 
desüribed, however, along with other recent improvementa in the teehnical 
details of sewage purifi cation, in the pages of the GtiumlkeifE-Intfem'mir, 

Importance of Fine Surface Layers, — It has alreatly been mentioned 
that tlie At^'rington filters yielded at Hrat perfectly clear effluent^ bnt tliat 
these gradually beujime turbid and dejH>Kited petUy matter* As time went 
on these fiocculent deposits l)ecarne more serious. The deposits were 
largely non-putrcsciblc and very stable. From this it was concluded that 
it was necessary for tins material to be washed out of the hlteri for fear of 
clogging the pores. Especially from Leeds the recommendation was made 
to construct biological filters of such coarse material that this flocculent 
matter could pass freely away. Hueh procedure is, to a certain extent» 
justifiable, but it should fir»t be disked whether the amount of these deposits 
cannot be diminished. Their nature, therefore, sliould be first investi- 
gated. They consifit of the products of weatiiering action on the material 
of which the filters are constructed ; of the more stable residue of the 
organic matters in the sewage, which have been deposited either mechani- 
cally or by means of absorption on the filter material ; of ferric hydrate, 
derived partly from the aewage and partly from the clinker, coke, eta.; and, 
finally, of animal and vegetJible forms of life. 

In my opinion the quantity of these substances tnay be regulatefi by 
eonatnictine; the surface of the filti^r of fine material, so as to retain the 
eater portion of the suspendixl solids and of the absorbable solids in 
olution, either on or immediately beneath the surface of the filter. 
Against such a meth<xi we have the observation that even with filters 
constructed of very large material, such as those at Leeds, the sewage 
Ijegan to pool on the surface as soon as the growth of Piiobolvs reached 
a certain intensity, Tt ^vaa thouglit that the character of tlie l^eds 
sewage vtas specially favour able to tliis growth, bnt it has already been 
mentioned that at Knfield two filters showed a large amount of such 
growths on the surface, wliilst another aht^wed none, according to the 
method of distribution of the sewage. According to my own observations, 
such growths are more favoured in cases where the sulphuretted hydrogen 
is retained in the sewage until it reaches the filtere, as in all cases of 
distribtitiou by means of perforated pipes, than when the effluents from 
septic tanks are first aerated to some extent. I have made obscrvatione 
on a percolating filter constructed of very coarse material, and oti which 
this fungal growth was veiy marked indeed. On nstug a fine surface layer 
the fungal growth did not interfere, although the same sewage was applied 
to the filter. I am convinced tliat this result was not merely due to the 
uietht«! of iUstributiou, but largely to the action of the fine njatev^iiV. 
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My exi^Kiriiiient« mi tbia point d»ite 1mm 1902. In 1904 Reid t>egaii 
to uec Hue rüatcnal at Hiiuley for tho surface lajcra of filters, and the 
rt'sultis wliieii ha hiis tiViUunud have been switiafactory. It Ufm lioeii MUiterJ 
that thi-'Hii rt^Biiltti are dtio to the fact that the Haiilcy m^wa^iie is a very 
we»k sewage. The character of the sewage inay have had a certain 
iuiportanoo ; \mi my owu obHervatioim with very conceuti"ated so wages, 
such as that of L'ima, have üoiiviiicod me that the method will give 
Bathfactory result« with scwageu other than those which are very dilute« 

Tlic iriii>ortaueü of hue surface layern will Ik* refernx! to again shortly ; 
but before duiii|^ ko^ 1 ttliould like tti dmw attinitiini Ui the fact that the 
opinion genendly held m that percolatiiig ftltor» should he so conBtructed 
that the liocculeut luattera van ho nuidily wanhecl thn^u^h with the 
effluent. At l^efla it was couüidered advisable to faeilitate thi»*, either by 
meaua of a hose-pipe or by dosing the filter temj>orarily at a high rate. 
Microscopical ciamination of the substancea thuj* washiHi throu|:(h reveal» 
the presence of uiueh aniiual and vt^gctable lifL\ and eheuiicjil analysis 
showa that the pnxhict« of the weathering action ou the oiuterial of the 
filter are also present* In order to limit weathering aetiuUj the use of very 
re.siMtJint niatcnal^ such ay broken niiggeni (wsiHte innn the potterie« at 
Hanley), broken grjinite (Birnnn^hani), and pebbles (IttxJley, rjeeds), hm 
been gradually lulopted for the e oust ruction of percolating fi Iters. 

in well-aerated percolating filters the weathering prm^esses are not so 
intense tm in conUvct beds. Even when cinders are usefl, the life of a 
percolating ftlter is longer than tliat of a craitact bed, hut coke is not to 
be reconiineoded, because it will not bear the weight of the upjier layer» 
without breaking down. 

In England, almost without exception» percolating filters *ire doeecl 
with septic sewage. This has occasionally given rise to oomplaiuts of 
nuisance from smell. At the present time the Royal nonnnisaion is having 
expert mentii carried out to see whether such nuisjinees can l>e avoided, and 
at the same time a larger volume of aewago treated on percolating filters, 
by subjecting the sewage to a prelhninary chemical treatment In this 
diret'tion the exiM?rinients will be very valuable which are lieing under- 
taken to see whether chemictil precipitation will not admit of filters^ 
desigucfl and eonstrueted for the dry weather flow, ts^ing userl in wet 
weather for three to six times this quantity. 

Fnan what baa been said, it will he seen that dunng the bust few yours 
rapid progress has been made both with res|*ect to the distribution of 
eewiige and the construction of |>ercolating filters. It may he said that 
the pcTcolatiug systeoj hati almoi^t driven the contact process out of the 
Held* Of the large towns, with the exception of Manchester, where tlwa 
contact prtieeas had been jvhipted iM^foi-e the percohiting ayatt^in bad 
received general recognition^ Sheffield alone can be naentioned where the 
condict prf»cess is being lulopted. 

The Hamburg Filter System.- A few years ago I expressed mysell 
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^eptleitlly regarding ratnting iiiid movable distribtitin^ apparatus. 
Practical experJüiice hti« f»rovetl the coirootneüs of raj view^ ; for wind, 
ffifjst, and other caiisu», especially damage to the Ixjariiigs of tli© appanitus, 
have interfered with the distribution^ and tbus uith ibe purification of 
the sewage. In the mor*.* niCHJeni formii described above, snch faults have 
been overcome ; but^ in Bpite of thift, a method which I worked out in 1901 
still poaneHaos some pnictical iiii|x>rt4mce. 

The Hamburg Filter with Füie Surface Layer,— In 1901 the artificml 
liiolo^icfil niethml of «ewage puriH tuition harl lieeii 8o far developed an to 
justify itjji Jill option by any town or large inatitntion* Difhcnfties were 
chiefly uict with in small works, sindv /iä tho^je for private residences or 
smaH inKtltutiouSr where there was nolx)dy to look after the works* In 
snch ttise« the contact prf>ee88 could not be considorid, since it requires 
very careful attention and soon shows the effect of neglect, the beds and 
oonspquently the eüluents !>eeorning putrescent. The tvd option of auto- 
matic feed and distribntitig apparatuB would also have nxpiired attention 
and »njKT^üsion, for any stoppage in the working would have allowed the 
sewage to flow impuriHcd through the 1kx1h> At that time I was asked 
for advice almost daily from various qnarters fis to the best method of 
procedure in such cases, I wa.s engaged upon experiments with a view to 
collecting the sewage in tanks, and syphoning it over on to biological 
filters, the outlet fram which was always kept open» The result of the 
experinienta exceeded mj expectations. Stoppages in the comparatively 
narrow syphon tn^>es could be easily avoided* In spite of this, I have 
never recütnuiended the ado[ition of snch a methoil in practice, for it wjia 
evident that the syphon wonhl become stopjied up if neglected, and 
experience has shown that such neglect must always Ijc taken intoaccouuL 
The rcsijlttng eonsequences woukl have Iwcn attributed to artificial 
hiologiiial processes generally, and at that time their praotieiil applica- 
bility was lM3ing very nnich questioned in many influential quarters. 

1 placed the problem before myself somewhat as follows: The works 
woidd have to )m? placvcM^l in such a |jositioii as neither to be seen nor 
smelled, and so that they wovdd work without any attention for days at a 
time* Hence at no point would the flow of the sewage have to be 
hindered by narrow pipes or similar obstacles. As a ride, no very large 
fall is available, and hence the (liters, etc., would not have to be very deep* 
Finally, the works wotild have to be carried out at a low cost. 

The obscrvntionfl which 1 hud made in the syphon uxpi-rimcuts led me 
to the following considerations and espei'iments : If sews^*e is pha'cd upon 
a lajer of fine material, it can only pa^is through at a flxed maximum rate. 
If layers of material, gradually increasing in Hht% be platted beneath the 
tine material, the sewage which has passed through the tipper layer will be 
taken np by the lower layei^s iu the form of drops, each piece of material 
drawing the liquid front the finer niaterial immediately alxive it. Tho 
lit|uid then «iireiuJs uvei' the se|kirate pieces of material, and otAli^^tÄ vA, SW 
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lK>ttx>m or on projeotioüs m the rorni of drofis, which fall on to the next 
lower piece of niatcritiJ, where the wjiiiiu pnK'ews ia rejK*at€«l. <hi the 
snialler pieces of iiiattTial the pmces^ ia not üasily vis^ible, I nit on Lniult^rs 
the siKe of one's fist the formation of drü|)*i can lie ohrtervecl on each pro- 
jection. In the very coarse material the drops fall fn>ni one pitjjeetioti to 
another through the intermediate air sijaee, and tliifi process takes place 
thron^hoiit the filter. It was easily ohtserved with modeb which I had 
constructed, about a yartl high and filK>ut a foot in diameter. 

The even distribution and resolution of tiie sewage into the fomx of 
drops could thus be att«üne<l in a very simple manner, quite as well or 
even tietter than by means of the above described expensive forms of 
apparatus. Without any fonn of appamtus, therefore, not only can 
definite quantities of sewage he put through the filter, but this can he 
distributed throughout the filter eis evenly be can be desired. In my 
experimental filters alt the coarser suspended «olids remained on the surface 
of the fine top layer of materiaL In this layer also the greater pirt of the 
dissolve<I sulistancea were retained by absorption, and the liquid passing 
into the lower layer« was nearly clear and only sHghtly putrescihle. A 
sample of the liquid taken immediately l>elüw this layer still containcx^ 
considerable amounts of ammonia, but only 8maU iiuimtities of nitric acid« 
In the lower layers the reverse was the case, and even when very strong 
sewage was employed, the etfluonts were perfectly clear, colourless, and 
free from amell. 

Biolo^cal filters in walled tanks or fermeuUition vats, which had for 
4ome time given good results, ceased to do so M^hen covere<l with a layer 
of fine materiah Even with filters which had previously given excellent 
residtti when worker] intermittently, the effluents soon connnenced to 
smell of sulphuretted hydrogen and to become black. This state of attaira 
was not improved hy inserting comparatively wide ventilating pipes 
through the surface into the coarser layers. Later, as we shall see, I 
learnt how to obtain good results from filtei^ constructed in walled tanks 
beneath the surface of the ground and entirely covered in. My experi- 
ment« were first developed on biological filters which had previousiy been 
used as contact hedSj and which were constructed of cinders, S to 7| 5 to 
lOj and 10 to 30 mm. in size. Furrows were dug on the surface of these 
beds and filled with fine-graine<i material. These facts are given in chrono- 
logical order, in order to prevent others in future from making miat^ikes 
which have repeatedly been made in constructing works on tins simple 
principle, and also hecttuse cpiite erroneous ideas have l>een prevalent a» 
to the origin of this method. 

The surface of the beds was not prepared as at 1^1 an ehester, where the 
method adopted has not given satisfaction, but \vitb the observation of 
certain neccssiiry precautions, to be detailed later* Between the varioim 
furrows the coarse material was visible for a width of a few inclie*^. 
IVhen the sewage was led into the furrows, filled with (ine mafcerial» better 
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üfHuontH were ulitjiinoil than litwl previously been obiaiutKl from the liame 
filter« working as* contact bods ; at the »Amt? time more «owage ctiuld be 
treafcod during tlie twenty-four houra, ulthongh tlie filters were only operated 
for twelve bouns, resttng at night. The new metho*! posseäsed the 
advantage over the contjwt process in that the works re*)inred no iittention 
through the day. The aewage flowed into the furrows throughout the 
d^j, and had a free outlet from the iKJttom of the filter, ft was not 
tieoesBary to be continually opetiing and shutting valves throughout the 
day^ as with the contact process. Besides this, more sewage could be 
treated and better effluents obtained. 

The results obtained up to this* point were so satisfactory that I 
decldetl to reconimend the adoption of the new method in two cases, where 
contact Iteda had proved a failure. 
In tiTie of these cases (lig. 132) the 
contact beds were construe ted ^ al>out 
6 feet deep, of clinker 3 to 7 mm. 
in Hue^ and treated with septic 
«6 wage. The effluenttj were black» 
and amelled of sulphuretted hydm 
gen^ Ix'canse under the existing 
eon<litione there was not suHicient 
exchange of uin Tlie Ijcds remained 
just as they were ; the surface alone 
was furrowed and treatCi^J as a! rove described. The resuli was imuiediately 
evident ; the etflucntö were well purified and contained large quantities of 
nitric acid. The iueoiiiitig sewage could easily b« dealt with. 

In the »econd ease the sewage was from a tannery. Attempt« at 
tnmttnent in contact bods had failed, because, on aec^jont of the large 
amount of organic matter which the refuse coutained, when it was run 
rju to the beds it formed a foam on the surface as much as two yards high, 
and this prevented access of air* Furrows were dtig on the surface of 
the beds and the sewage allow od to enter in a Bteafly stream. No foam 
was formed, the purifieation was improved, and all technieal diffieulties in 
operating the works disappeared. 

In 190i Calmctte evolved a method at the Ma<lelcino Eii^eriuient 
ition^ which is very similar to mine at this stage of its development, 
ieept tliat he employed the method of feeding the ftlters which 1 had 
in the meantime almndoned, Le, hy moans of syi^hons (fig, 133). Calmetto 
was aatisfied with the working and the resulta obtained from these ß Iters« 

£ was not quit^ satisfied with my system of furrows, iK^cause a filter 
constructed on thiB principle could not be left entirely to itaelf* If the 
furrows w^ere to l.tecome clogged, or the sewage were suddenly applied in 
large volumes, the sewage would overflow into the coarser material of the 
ridges. There was also a danger that sludge and tiue material would be 
raked into the eiposcd coarse material when raking over tlw i^xtx^^^^^ 



Flu. 132. —Hamburg Trickling Filters 
{AudrtüibergJ, 



214 



l^ßlNCIPLEvS UV HKWAHE TREAT VfENT. 



thuH eaiwng u elf»^gintr of the |Mit\^ and eouf*oc|iioijt interference 
witli a proper t*xeliaiigü oi air. I therefore t^OTiHtructOfl ix biolügiiiul filter 
of clinkt»r tlu' mw o( a iimn s fist and larjifer, in tliö fürm of a tnincate<l 
pyramid, and on tlio lop of thii* I plaeod fine material, graded a^ described 
lat4-*r* The Htie material wti« held '\u position by a Imlluw eylitider of iiietÄl, 




which at Ihe same time preventod the «ewajrc overflowing. Sejjtie aw well 
as fresh sewage w^hen placed on siieb a filter was diäcbarged (mm the %*ery 
Itegiiinitig m a clear, colourless, atid noti-putre«eiblt3 effluent, eon tai u ing ni trie 
acid in mich qnantiti*«* as we bad never previcmsly obtained from the iwmic 
sewage at our experimental works* Per square yard uf snrface the amount 




Fio. 1 3 i* — H»mbit rg Trickii og Filter ( Ü rma- Ha u ädorO, Crosö S vc t ion, 

of sewage t regaled on this filter about four and a half feet deep, per dsiy of 
twelve hours, was 270 gallons, eqinvalent to 200 gallons per eubic yard of 
el inker. Side aeration alone must have accounted for thb increased quali- 
tative and quantitative eftieiency. From thi» date onwards I have therefore 
had tlieae filU'rH eon-strueted without side walls whenever possiide* 

iSuch a plant is illu«tratjed by fii^^s, 134 and 135. It ii; entirely ait na ted 
below the level of the ground, and the benutifiil p^arkdike es^tato on which 
it hm lieen built is not in any way diatigured by it» The effluent Üows 
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into a small fHind^ where it hiis kvft iiti tnice« of its prt?»etjee, alUamich 
the worky hnvQ lieeu in operntioii fur Huint* yearB. 

The following may 
scirve Ha an example Ut 
nUow the futility of deal- 
ing with all queötioTis 
of »ewagc treatment 
accotxiinj; to a coniiiion 
plan: frri^iation is 
ri^phtly regard od us the 
hest ineth«.«! cif «ewsL^^e 
jjunhcHtion, and there- 
fort it was going to 
be adopted for a con- 
¥iileäüent honjc. In the 
case to which I refer 
very suitable land had 
heen hotjt^ht for Irriga- 
tion iKiqxföeis, btit the 
hou*e iu^elf would have l)eeii surrounded hy iiTigati4>n areas. On my 
advice, therefore» irrigation waa alwindonod in favour of artificial biological 
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for ^ J^aKat4intini* 

treatmetit. Local eircumsUuiccB were swch that it wa?i only piaaible to 
oonstruet works* in the immediate vicinity of the home, but it was 
posaible tu place them in au outhouse indieuted by a eross «ju ^i*^. \^^. 
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The biiildinjf ie entirolj hidden hy the buahL'ö t^loae to tlio large inetitii- 
iiou» which is now therefortj eituatcd in ii l^eiuitiful park, iunteÄd of in 
the middk of ti aewagu farm. In tht* six yeare driring whit;h the woiks 
hftve Ijeen in operation^ no miimincc xrbaL«ver ha» \jeen caused The 
worka were coiiHtrncted under the direction of the eminent director, 
Gebhardj whose early decemw is to l>e greatly laincute<i The viirioua 
other similar small works which have beon eonatriicted on hiü initiative 
have all worked very aatiafaetorily. If thüae results are C4>mpiired with 
the Qiinierons unHUc^t.'e»«ful restdti^ whieh have been the fatij of biolojfical 
prot:e8*iesi in Germany, it m clear what a very important place in to be 
assigned in Bueh nyitterB to i^ersonal influence and a knowledge of humanity« 
Gebhtird always n]ideri?toc»d how to find the most suitable people for the 
work whicli wa-s under his direction. The first attendant whom be 
solcctcMi wa-^ä very aceptical and had no faith in the biological metho^l. 







Fio, 137.— Hamburg Trick Uug Filter (Od^rberg). Crosa S«etioD. 



After be liad become convineed^ against his will, of the utility of the 
method, he waa a very warm aupporten Later he was entrusted with the 
first working of the various other w^ork^ uientioned* 

AVhibt the (jross-HauHflorf workis, a« we have seen, could be constructed 
entirely below the level of the gronndi the works illuHtmted in figs. 137 
and 138, designed by the architect Sartory, had to be construeted above 
the ground level, and, in new of the severe mountain elimate, they wem 
covered in. The two drawings explain themselves without further 
description. 

As I have already stated, my earlier eiperimont^ with fine-graderi 
material wei-e nurlertaken witli the object of deviwing biological filtern 
requiring httle attention and thus Hui table for private residences, I began 
by eonstmeting septic tanks on the principle of the Forties Maum^ and in 
these the aewage wixa made im j*troug m imsmhic by the introduction of 
considerable amounts of fajej^l matter and wa^äto vegetables. \VTien a 
a;aUon of sewage reached these ttuiks, a gallon wait expelled on the other 
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side. In expuriiuentin^, nil tht.' irrügularitie« which amy Ihj expeeUxl in a 
housühühl were iniiLated ; twu gallonn of ä*ewage were intrixluced, uorre- 
Hpoading to the empty mg of a bucket ; then again abotit fifty gal louts 
correspond ing to tiie em p tying of ii liath. The tank had a capacity of 
about 4-50 gal loan, and received alM>ut 150 gallons of aewage daily. The 
efflnent from this septic tank had a %'ery penetrating odour of ammonia; 
that froai the filter was clear, with a slight yellow tinge. It Lad an 
earthy odour^ unci coatained from 4 to 10 partiä of nitric acid per 100,000. 
When kept in closed bottles, ao oVgectioaÄl>le gaHCs were pixxluced. The 
filter in queütioTi wai^ only tlirce feet deep» in order to be applicable in 
cases where little fall ib available. 

In order to teut whether the septic tank was neceaäary, aeuagc to 
which considerable quantities of hecnl matter and kitchen refuse had 
been a<ldedi was fed on to a percolating tiltcr in the same irregular maaner 
as above, without, however, being allowed first to becoaie septic. The 
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Flu* 1^8. — ^Hambtarg Trickling Filter (Oderborg). IjongitudiuAl iSectian. 



filter was small, and could only deal with abuut forty-four gallons at a 
tinie, A coUectiag tank was therefore placed to i^ceivc the sewage hefi>re 
reach lag the filter, the oatlet of the tank being closed by a float valve as 
»(lOir iis the sewage pooled on the t<^>p of the filter, k basket was placetl 
beneath the outlet pipe from the tank, in order to retaia the coarser sas- 
peadcHl solids. In this case also the effluents were satisfacttjry. 

In accordaiu-e witli this csperiaient, works were couBtructud for a 
house with thirty ianiates. They were placed entirely underground, so 
that tiothing was visible except the three covers shown in fig, 139. The 
filter wa« constractcd of clinker. Air was admitte<l to the filter on oat; 

kside through the open brickwork and also at the sides of the surface 
layer. The effluent was treated on a second small filter before laeing dis- 
charged to a ffMwbside ditch. When the sewage was conducted directly 
on to the first filter, clogging sfjon ttxik place on tvccount of aaad^ w hieh 
was eontainefl in large quantities in the sewage of this country mansion. 
A detritus tank coutaiaiag a aearly vertical screen was therefore pro- 
vidi-di and in the four years during which the works have been Uv q»^xi^V\vj&. 
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neither cloi^jging n*>r any other fault fm« nvfuiret]. Ah s<>ou a» the surface"" 
lajer shows wi<;nis of becmuJiig impervkjuH, uiatially after about a week, 
the sewage is discliarged for a day direct to the seeond «maUer filter. The 
hirger filter then drie« and is raked over. The filter easily accommodates 







Ym, 139*— Hamburg Trieltling Filter (Poppeubiittel). I^tigitudiual Sectiojj, 

itself to the eonsiderahle variritiuuiEi^ in the volume of sewa^^e. The depoeiit 
in the detritus tauk m occas^iouiiUy shovel letl out and b*nie(l m the 
garden. The plant is really one which rerjuirew so little attention and 
which has l>een constructed so elieaply that it could e&sily be afK^ooimodatcd 
ou at»y private estate. 
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Fjg, 140. — LargH Hamburg Filters, Plan, 

In 1902 I had already gained such confidence in this method that I 
wa^ rtble to advise the town of Unna ujwn its adijption. The works had 
Ui he constnjcted for a population of 10,CK)0, and the sewage is tnore 
eoncctitrated than that of any other town of similar siie, owing to the 
cffluentsi tarn breweries and a grain- washing plant. The Unna filters woi-e 
desigui^d and grouped tf>getlier like those ülustratod by fig. HO, except 
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tlmt the feed piptia were mtimtod on the munL* mde of tho HIter oh tho 
ertiuetit cLaniiel, The ImhI and Mules of tlie excavation were siinplj 
covered loosely with brickwork, the soil beiug po&ie«aed of siifficieul 
supimrting power, Thü base of eat^h Biter was iDclined t*>warHs the eentre, 
so that the puriKed ef!luent ilüwcj<l tiiwanls an effluent channel situntetl at 
this point The efilueut channel was aitvmtod as low asj i>08Hihle ami 
covered with i^enieut fla^^s placed at sneh distances apart an to allow free 
entry and exit of nir. The l>ottoni layer of the fiU^r was eomiK»*ed of 
pieee» of clinker, a foot or even more in diameter. Bt^tween each two tilters 
a w^all (%. 141) was built npof very large-aii^e<] clinker, to Borvcnot oidy as 
a support for the ftlterä, hot nho for purpx^s of veiilihition, Tim filter 
within the ultnker walls was construutr^rj of material its large a« a man's fist, 
which wa» forked into tlie filtor so that the finer material waa left behind. 
A kjer of this tiner material, about the me of walnuts, was placed over 
the eoarser material, anil then on the snrface, Itctwccn the clinker walK 
beds of line material were eouatrueted (ti|_', 141). The sewage was din- 
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Fiii. 141. — Lftrgt ÜAmburg Filters. Crosa Section and Longitudinal Bectfcm. 

tri bn ted from glightly inclined V-shaped tronghs, pattsmg down the middle 
of each filter, 

Tiie^e works have eome up U> and conüidembly exeeeded my expecta- 
tiona. The original scheme pi'ovidetl for a seeoudarj set of ttltera ; btit on 
my adviee it \v.'is deeided to hrat eonstriiet the prituary H Iters, and in such 
a manner that tlio effluent euuld lie discharged by gravitation to secondary 
filters, should ihewi? prove necessary. The worka have been in operation 
since 1903, the separate tiller» being brouglit into operation a« soon oa 
complete^h Portioiitj of the öeparat^3 ti Iters can be brought into or left out 
of operation acconliug as Hdgcs of the tine snrfaee matenal are omitted or 
constnictcdp 1 have repeatedly had opportmiitieö of convincing myself 
tiiüt the effluents from the Unna hlters are never putreseible, although 
the works have \mcn eontinuouisly dealing with larger quantities of «ewago 
than they were designed to treat. Only recently have »uffleient filters 
been oon«truete<l to deal with the inereasing volumes of sewage. 

A deticription i:*f the Uiuja work« is oonteuiphited by the city engineer, 
Modenuohn. It may be ineutioDed, however» that the cost of con strnc ting 
I the works» ejteluKive of the price paid for tlie land, amounted to nix «hilling» 
Pf^nd threepcnee pT head. If the sewage hml not eont»uned tmde refuse, 
the works need only have }>een alKtnt half the nlwe ; and the Hlteriif which 
were origituill)* constructed rather deeper than nccessjiry a^ ri, precantinni 
aiuce only little expei'ionce had been gained at that date, nceij not Iiäv^ 
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been cotiatriictecl quite ao deep. TKe later tÜberü havf; been xnada shallower 
and yet work more satisfactorily than the etirlier otieä*, boettuse ^eater 
eiporienco bail been obtained as to their working. 

Durhig recunt yean* my system baa Ijeen miapted by several other 
town«. M iiitiikeä have been tuiide which would scareely have l>ecn thought 
possible with stich a simple process, It is unnecessary to desenbe all 
these works i» detail, bnt the mistakes which may be made will be tlealt 
with litt4^r. 

At the present time, Bad Harzburg is oonetnicting works ou thbüystem 
for a popuktioii of 10,000. The sewage is domestic in charact*>r, and 
comparable witli normal town sewage. In the eonstruction of tho works, 
which are nearing completioiii ^reat uare h Ijeing beatowed on every 
det&ii, and they will alTorrl vahiable information ixa to the capability of tho 
filters. That, even under the most adver&e conditions, the filters, when 
properly constructed^ will yield satisfactory results, has been shown by the 
Unna works» 

Ii-ngineers are not always able to carry out their pmjects as clearly and 
55imply ;ui in the ahiove cases. Itepeat4?d!y there is a tendency to introduce 
pumps, liirge aerating shafts, ornamentation of the distributing channels, 
and other matters which are not only perfectly useless, but which also 
endanger tho sfitisfactory operation of the works, or at any rate considerably 
increaiie tfie atteutiou necessary. In the biologieal method the primary 
considerations deal with physical, chemicid, and biological proeessea, and 
technical details as to the solution of the problem arc of secondary im- 
portance. Among the latter the first place should be given to simplicity 
of construction and easy supervision. 

The whole secret of my process lies in the proper selection and arrange* 
meot of the surface layer. My first exi>erimeiita were carried ont with 
aatid and gravel, then with garden soil, but clogging soon t*x>k place, and 
the surface liccamo impennous tt> the sewage. This only confirmed a fact 
whicli had been known for decades. The clogging of sand can only be 
avoided by working the filters intcTmittontly, and allowing the surface of 
the Hltei^ to rest for two or three days after each charge. Better results 
were apparently obtained by the use of flue dust, which al>aorbed the 
sewage like a sponge and distributed it in dt^ips over the lower layers. 
The tine dust, howeverj formed a pvste wiUi the sewage, cracks were 
formed, and the sewage then fell directly through without being purified« 
Coke and clinker have yielded very satisfactory rcöult«. 1 f the d ust is allowefl 
to remain along with the broken clinker, only very small quantities of sewage 
Q&n pass through, but these show a much higher degree of purification 
than should ever be necessary. If the surface layer is composed of too 
coarse material, the sewage simply falls through without being properly 
distributed, A mixture of fine and coarse material should not be employed, 
for the finer lodges in the pores of the larger. The best results have been 
j»rodnced by the use of material carefully sieved so as to contain nothing 
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less than 1 mm, nor great-er than 3 mm, in size. \f nuuh material h 
placcsd directly on to coai'äe clinkur, it h simply Wiiahed in, witii thu c«n- 
i3ei^uence that the filter becomes impervious. The surface layer must 
therefore be supported by iiitermc<liato Uiycrs. The upper intermediÄte 
layer must consist of 3 to 10 mm. material, folio w^wl by a 4-iuch layer of 
10 bo 30 mm. material and a layer of the ake of walnuts. Then comes 
the coatee material of the filter. If the above directions are strietly 
adhered t^, on removing the surface layer from filters which have been in 
continuous operation for years, treating sewage at a high rate, it will be 
found that the layer of 3 to 10 mm, material scarcely shows any signs of 
clogging. Clogging of the siirface layer may be avoided by oceixsionally 
turning over the top four or six inches with a shovel and allowing the 
filter to rest for a day or two, Pravions to this the surface must he 
allowed to dry, and the surface tilm, consistiug chiefly of paper-pulp, 
Tomoved to a depth of not more than about |-inch with a smooth 
shovel. When first brought into operation, the surface of the upper 
layer of the filter first assumes a slimy character, afterwards becomiug 
granular. I am of the opinion that this change is due to the formation 
of ferric hydrate. 

The above described arrangement of the various layers was at first 
regarded] as the fad of a theorist, and one or other of the intermediate 
layers have been omitted* The surface layer has then been washed into 
the coarse material^ and the filter thus spoiled. It hm had to be taken 
down, waslied and Bieved, or replaced by fresh material. In large works 
well known to me, this mistake has been made ; and when the sewage 
would no longer pass through the filter, holes were made through the 
surface layer with stakes. This only made matters w^or^e- In a German 
town of medium si>se^ the authorities liave adopted this system without 
considering it necessary to make imy inciuiries m to the principles of the 
process. Mistakes were accordingly made in the gradation of the layers, 
and the sewage ponded upon one aide of the filter. At another place, in 
spite of the experience which haa been gained to the contrary j sand was 
placed directly over coarse material. At present these works are ötill in 
opemtion, but they will not la^t ¥ery long. 

The second great onstake wliich Is made in constructing filters accord- 
ing to my system is that sufHcient allowance is not made for rational 
aeration* It has been thought that the introduction of ventilating pipes 
was sutficieut My experience in this direction has already been mentioned, 
!■ uder certain circumstances it m very difficult to effect aifle aeration, and 
I have accordingly had a series of experiments carried out on the ventila- 
tion of filters constructed on my system, in which, howm^er, tho sides of 
the filters were made perfectly tight. The results slmw that when the 
dust is carefully removed from the material, and the surface raked over 
sufficiently often, sufficient aeration may be effected fi-om the top and 
bottom, if the depth of the filter is not too small. These aeration condi- 
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tionu are easily explained with the aid of the pnMiess^a deäcrihed on p. 175, 
Oxygen i& ahsfjrhed hy the filtoi*, and a vacuum result?!^ which is tinally 
able tu ovei'eoiije tlie re 8 18 tan oo of the surfacu layer» The iiftion of this 
vacuum is i^'reatur in [iniportiun at* Llje f|imtitity of air in the lovver portionü 
of the hlter i» grtuiter* When fclie coanse material was about 6 feet deep, 
jKTfect saturation with oxyj^^eii and removal of carbon dioxide could be 
ohtamed, but this could not he obtained when the coarse material was only 
alK>ut li feet deep, the conditions of experimont being in all other rospectB 
the mnK^ When an aomtinj^ pipe was [wssed thron j^h the fine top layer 
into the coarse material, and the air withdrawn as from a chimney, tsatis* 
factory aeratiou cotdd be eajsily maintained. For this reason I had recom- 
mended the introduction of such an aerating pifje in the works shown in 
tig. 139. The pipe was to be led up by the side of a kitchen chinuiey, but 
on acüoiiiit of the fall the works had to be constructed in another position, 
and the pi[>e was omitted. Tf «nfBcient aeration can be obtained through 
the widcH of the filter, the layer of coarse material may be constructed of a 
comparatively amaU depth. 1 have couatructed such hltera with onU* 
about 8 inches of coarse material, and they have produced satisfactory 
rei^nk« for long perio<ls. This serves U) illustrate the important fact that 
the system is applicable in cases where the available fall la rather less than 
3 feet. 

When I expressed the opinion above that the Hamburg sj^tem might 
be of interest at the present daVi even with the present high dcveloptnent 
of the technical details of distribution, 1 had in mind, on the one hand, 
the little attention wliich is necessary, Le, the filtei*« may he left to tbetn- 
selves for a longer period than with any other methcKh and, on the other 
hand, the certain loss of head which ia necessitated by all other method« of 
distrilmtion. Thti^ loss of head is said to have reached a minituum ill tha 
Fiddian distributor. Witli the fixed form^ of sprinkler, a preaaure of 3 to 
10 feet is necessary, varying with the eonstruetion of the sprinkler. 
Moreover, in view of the coarse tiattire of the material which is itsually 
adopted hi conjunction with audi »prinklera, the filters can hardly \m 
constructed leas than 6 feet deep. 

The ordy exception to this is aftbrrjcd hx Heid of Stafforrl, who has 
carried out cjcjieriments at Hauley with filters just over t\ feet deep. In 
Fingland, lleid m regarde<l an the advocate of fine biological filters, and bis 
experiment« are everywhere attracting attention at the present time. 
The cxperinjcnta were first commencefl in U)04, several years after the 
commencement of our Hamburg experiments, and I have also formcfl the 
opinion that the works cunstrncttjd on this system are not technically 
developed to the same extent as those constructed on the Hamburg 
system. In Ueid's works, too, the distribution is not efleeted by tlie fine 
material, but hy uicfuis of st>eeinl (hatrihnting apparatus. 

The Hamburg i^ijatem has been palentod, hut I liave decided to make 
the process public pitjperty» so that it may be adopted by «nyonc. 
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D. Begener's Lignite Hetbod. 

♦Sir K. FraiiklarKl considcrecl it futile to aeareh for a TiiefchtKl by wliicli 
the dissolved oi^anic matt«r;ä could be precipitated froiii äewage (p^ '24). 
Thiy prol)lein wa.Hj however, solved in a most ingcniioua manner by I*aijl 
Dci^'ener, who, unfortunately^ died young. Starting with the idea that , 
dissolved organic substances can only be removed from liquids by abäsorptive 
aettun, and the assumption that it ib the humus of the soil which effects 
this rent oval in the ca4*e of irrigation, he attctnpted to (ind substauceii con- 
tafning a lai*ge proportion of liuinvis* Peat and lignite appeared to be 
most suitable in this direction. Powdered lignite, however, when 
niijced with sewage, remained üuBpended in the liquid ; but by th*^ further 
addition of precipitauta, such a» iron fialts, the re^piired precipitation took 
place. The oxygen absorbed and the organic nitrogen in the eMueut »o 
produced hiid been considerably rmluecdj and the effluent was non- 
putreöcihle, 

Degener's result» must be rcgardetl as e|>ochinaking, Tbcy date from , 
a period when general diaaatis facti on prevailed with the hitherto known 
methofla of chonncäil precipitation, and when it was recognised that irri- 
gation and hind tilt ration could only Iw adopted in rare instÄOcea. 
I>egener'B proceeä apjieared tt> have a great futuru 1>efore it, especially as 
hojjes were rai§ed of a pn>Ht from the extniction of tho precipitated grease 
and manu rial constituentö of tijc sewage. Even those who bad given up 
liojx*» of such a protitj ort account of the failure of all previous proeefeses, 
rec*3guised a great advantage of this process over all other precipitation 
proccHseSj in the faot that the sludge could at any rate be dispoaod of in 
furnaces* 

Degenar's process has, in the meantime, been adopt^Hl by Tarioua towns 
and institutions, e.^, at Potsdam, Spandau, Tegel, Soest, lleiuickendorf, 
Obersclinneweide, at the Cable Works of Siemetm ik Halske, and at the 
C!onvalescent Homes at Uohtspringe and Siikhayn. The number of work» 
in ei:]stonc« ts large enoiigb to enable ui to judge of the capabilities and 
oost of the procesH, When carefully managed, the process* has always 
yielded satisfactory effluents, but no profits have been obtained, On the 
ontrary, the proeesis is the moat ctmtly of all methods of sewage pnrifica- ^ 
on whicli are in use at the present time. With the artihcial biological 
processes which have become known since Degen er's process was invented, 
it cannot compare either as regards reliability in working or as regards 
cost. Nevertheless, cases may occur here and tlicre in wiiich Dcgener s 
process may appear to be applicable, and on this account, m well as on 
account of the scieutifio value of the pmceas, a short description follows. 
The Tegel works are generally regarrlod as the beat example. 

Tegel m sewered on the separate systera, and has a population of 1 4,000, 
incUiding that of the Borsig Works and a prison, connected with the 
«ewerSi The water consumption only amounts to 13 '2 gallons per head 




m Um tern of «iptelai of km or liiwioi (3 ft«, per lOM g^dk«)? 
ite «»««0^ nett pMn» d^o«^ m wu wm m kte <n«iiNr rWnnA mxtmawi^ 
iog «Mb of llie Umwr%, wbeoee it iovs do«a Ik pipei (R, %. 144) bM 
tho lover portion of the lovei«. Bä«^ in oocb lover tbe evrrvnl of tbe 
mmm§fft k diiltfliaiieii bj inosao of mm oppM«too eooslmeted of ircio 
Whm the «ev«ge bwide like tover i«uliee t^ mm& lerel m tluit Id 
dfiütlAT «lM»»iel oniMk, ihe Atr k pomped ovt of llie tover, imä 
iM^viiips etmiÜmtm to riie vitli a Ttlocstf vlikli shooM not exceed j\^ 
per leeovidt v» m to allov iJie aeva^e to temäiii m tlie tovm^ frcrm iitie 
ftfid a half to tvr> bount. Near th« top of the tower there h Anntbrr 
<^ijm*jit iJintnlMtt/jr which conduct» the «ewage thiwigb s pipe iMv^N^in^ 
dr^wfi ih»j nutjiifl«^ of the tower uito the effluent ch&Tiiiel^ whieh is 
nbriiii Mt hich«^ lower tban the water^erel it> the circular cbaiitiej 
»«irrorinttin^ the tower. After t>eing let in action, therefore, the tower 
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works lust described require eight persons, besides the man^ar, six being 
employed in tlio day-time .; one firomaii, one workman for the Ugnitö- 
grindiug and stirring plants three workmen for the sludge presses and 
cartage of the sludge, and one workman for sludge drying and cartage 
of fuel, 

Tlie cost of erecting the Tegel works was just over £10,000 ; the 
annual working cost is £1550 (1903), Including interest and sinking 
fund (113*6 shillings per million gallons of sewage» or one shilling per 
head of population per annum), the total working cost amounts to 
372'7 shillings per million gallons, or 3*22 shillinp:s per head of population 
per annum. In the Tegel works, however, it should be l>ome in mind that 
a cons^idemble proportion of the cost is due to trade i*efuae. After making 
allowance for this, Scluiry and Eujartl calculate the net working eoat at 
1'81 shillings per head per annum. 

At Potsdam the sewage of a population of 60,000 is purified by the 
lignite metliwl* The sludge is burnt in the neighbouring municipal 
electricity works. After allowing for the ineome derived from this source, 
Wimmer calculates the cost of the process at Potsdam to be 1 *20 shillings 
per head per annum. 

At Spandau the sewage of about 63,000 persons is treated by Degener's 
procesa. The dried sludge produced daily amounts to three and a half 
tons ; it is pressed into briquettes, and sold for about seven shillings a ton, 
a small portion l*eing also sold for manurial purposes, Wimmer calci dates 
the total cost of the process to bo 1 '39 shillings per head per annum, or 
312"3 shillings per million gallons of sewage treated. 

At Oberaohone weide the cost of purification, including interest and 
sinking fund, is said to be 250 shillings per million gallons of sewage. 

According to Proakaucr, tlio degree of purification produced when the 
works are carefully managed is satisfactory both from the chemical and 
physical standpoint. The organic nitrogen and the oxygen absorbed are 
reduced by 60 to 80 per cent,, and the effluent is non-putrescible^ 
According to the reports of the supervising authorities» the purification 
effected at Tegel was very variable, f,g, in 1899 the reduction in the 
organic nitrogen varied from 1 4 to 96 per cent, and in 1900 from 33 to 
95 per cent. The variations are said to have been mainly due to temporary 
overworking of the apparatus. 

In times of epidemic, Proskaner is of the opinion that the purified 
cffJuent may be sufliciently disinfected within a few minutes by tbe 
addition of t^ lbs. of lime or 0"15 lb, of chloride of lime per million 
gallons of sewage. 

According to the experiments of Reichle and Dost, the calorific value 

of the sludge obüiined from Degenor's process is not entirely due to the 

lignite added, 11 to 30 per eent. of the total calorific value being due 

to the matters precipitated from the sewiige. The calorific value of the 

gm sihtvh lias »p to the present hi?en obtained from the sludge b only 
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small, but the above-mentioned authors believe that a not inconsiderable 
reduction of the cost of working may accrue from a gasification process. 
They recommend experiments in open settling tanks in which less expensive 
precipitants might be used ; and they are of the opinion that, if the technical 
process of gasification can be perfected, the lignite method of sewage 
purification might be combined with a municipal power station, because of 
the small area necessary and because of the possibility of thus disposing 
of the sludge. 



CHAPTER IX. 
THE DISINPECTIOK OF SEWAGE. 

InfectiouBneBS. 

Gontatninatioo of Bivers. — Domes tic or town sewage contaioB verj largo 
numbem of micro-organisms j seldom lens than a milHon per ex., and 
often as many as ten millioiis or more. The majority of these haeteria 
are qnito harmleäa. In casoa of infectious intestinal diseases, however» 
such as cholera^ typhoid, and dysentery, the genua of theBo diseases hud 
their way into the sewage. The germs of fliphtheria, ttiherculoäsia, 
infantile summer diarrhoea, and of many other diseases, may also l)ö present. 
Besides the above, sewage contaiEiB definite specie» of bacteria, which have 
been shown to be very virulent when inoculated into animala. Among 
these should be mentioned Baeiilus enter if idu »jM}rof/e7i€.% tlie spores of 
which, according to Houston^ are generally present in »ewage to the 
extent of 1000 or more per ex. Houston also found not lees tlian 1000 
Strepi^icocti per o.c*, but the question as to how many of these Stf-eptoeoct^ 
are pathogenic remains undecided. 

If guinea-pigs are inoculated with only small doaes of sewage, they 
become ill almost without exception, and often die, Tb© drinking of 
sewage must aecorfiingly be regardetl not only aa unappetisingt but also 
as likely to be burtfid to liealth, and, in eases of epidemic intestinal 
diseases, m directly dangerous* If sewage is discharged into water- 
courses, danger may result under certain circumstances. At tlie present 
day it is geneniUy recognised that the water of rivers which have passed 
through populated districts is not in its raw state fit for drinking and 
other domestic purposes, and most towns have abandoned the use of 
untreated river water. They have either made themselves independent 
of river water by using well-water, or they draw their supplie« from 
streams which are specially protected against pollution. Where freedom 
from pollution is not possible, the river water is subjected tn a filtration 
procesSj and at the present day the question of a further treatment| «^« 
o^nisation of the filtered water » is being very much discussed. 

Under the above conditions we are ebtefty concernod with those maem 
In ^'hieh individual persons oeca»ionally drink river vsater or otherwise 
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oome into contact with it Tfie ruHin factor in this direction is formed 
by tlio floating population, which stiiiountä to some thousiands on the 
Geruiiin rtTem and stre^ims. Care is indeed ttiken that boatmen can 
Bupply tlieniBclves a» far uh püssibk^ with drinking water at all Imiding 
places. The danger of infection which ia conuected with the connuniption 
of unboilc^d river water in &lm widely made known. Hence^ if the boat- 
man drinks water drawn directly from tbe river, he does ho at his own 
riskj and mnst be rosponfiiblu for the eonsetinences. The boatmen uMnally 
discharge all their waste prtxlticts into the rivers ; and if they are anffering 
fnyin intestinal diäcaac, they infect the portion of the stream over which they 
travel and thn^ endangt^r the health of othcns. So long as it is safe to 
assnme that pathogenic germs can only survive for a few days in our open 
water-eourses, and that thoy cannot multiply or only to an inappreciable 
extent tlierein, it is not neeeesary to fear that the above cotiditions will give 
rise to serions epidemics. 

With regard to the qnestions as* U} how long pathogenic germs, such 
flfi the bacilli of cholera and iyphaidf can survive iu river water, and as 
to whether and under what conditions they can multiply therein» the 
evidence in my opinion h not yet complete. PersorwUly, 1 cannot share 
the generally prevalent opinion that the bacilli of typhoid, chalem, etc., 
die nipidly in our water-con rse^^. On the other hand, the experience of 
last century has shown us that by simple precautions, such as smnd filtra- 
tion, a seriously infected river water may bo practically completely 
deprived of its infectious chamctcr, so long as the filtration prot^^ess is 
properly conducted. Thi« fact forms the commencement in considering 
the question as to how far precautionary measures must be adopted in 
order to deprive sewage of its infectious character before being discharged 
inU* a water-course. 

The standpuint to be adopted will be that in populated districts, even 
if the sewage in not systematical J y diBcharged into the river, the river 
water is a possible danger to health and unsuitable for drinking and other 
purp<jfte&, but that practical measures can b© adopted to convert it intt» 
water which is unobjectionable from a sauitary point of view, [n the case 
of rivers which serve as sources of water supply, in spite of those practical 
me^y^nres which may be adopted, attempts shotiJd be made to restrict the 
infection to a mini mum. In the case of rivers which are not used im 
sources of water supply, bathing places will have to receive cons iderat ion ^ 
as well ivs the river population, and the fact tliat the water of such rivera 
may come into contact with focKi destined for human cousuraption, as in 
the wajshing of milk palls, the rinsing of vegetables, etc. The infection of 
fishes is not of such great importatice, as fishes are usually boiled before 
being consumed. The discharge of sewage into the sea may give rise 
to the infection of shellfish, which is mainly consumed unboiled, Since 
Üie thorough investigations wjiieh have been made in England, it can no 
töDger be doubted that oysters can be and often have been the cause of 
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will be ckftT Uiai sewage, abaogl vi^oitl exoeplaoo, ti 
«till stis{MckMi« «kI Ibat under eerUtu OTgatPttaiieM it m 
wm ialectioiia. In all cäKs wbcre h is a q[tseatioa of « 
into a riirer^ tbe pombQitj of spraadkif inlbolio 
COMJdiTed. Hua posibiEty vanes w\ük Ihe oondjtiofis of ibe rirer» Ibe 
dimily of the poptilatioii, and tbe asaount of tiaffic on the riiert 
ntiiai be deali witb in each iodiTidual case. Id oertatn cücmaataocea 
«Ul be neoaeary to adopl measures for tbe separaljon or deatmctioci 
tlw ioltctioiia geims either fsefmanenllj or terapoimnly. M in all b jgieolc ' 
lliaatiBül, lo in ty» it will be neoenazy to hare leg^ to the imiiotis 
oppoung mtereetii aiid to the questioii of cost For thk reason oaly 
tbüMe mesviires whii^ Bxe not excluded for tbe abov<e reaaocie «111 be dealt 
«rith here, 

<« CuiiifactiO» " Befitied.— In the liret place, we hare to oonaider how 
far Uie methodit of uewage purification wbieb baT£ beeu enumerated in 
proeeditig chapter« are suitable for depriving sewage of its infectious 
ohafacter Tliis may be accx^mpliabed either by geparuting the infectioua 
germs from the sewage or by their destruetioii. The latter we call 
diiiafeetioti. The question of iseparatioD of the tnicro-organiätna wil! lie 
d^lt with later ; the more complicated problem of disinfeetion will be Ürst 
considered. 

ladÜcalors of Coatammation. — Disiufeetion in tlm connection must 
not hi* coimiderud ns ef[uivaletit to fiteriliäatioti, for steriliBation implie!^ 
the (Kjmplete deiitnietiou of all the germs present in the »ewage. If 
itenlit^tioti could \m carried out a» ea^llj and as cheaply as disinfection^ it 
would certainly Ijc preferable, on account of the greater ease with which 
it may Ije eon trolled. Steril illation ig, however, much more difficult and 
mor« ex[jensive than diüinfeetion ; and since the majority of sewage bacteria 
tujiy \it regarded as harmleää, di&iufectioni or the destruction of the 
jMithogeiiic germs, is generally considered sufficient. Even in the excreta 
of patient«! sulfertng from typhoid and dysentery, the pathogenic germs of 
tbt«e dineanüs are found along with many other bacteria^ and consequently, 
even in stixingly infectcfl Äcwage, their number is not very large in com- 
parJMon with the number of other sewage bacteria. With the nieans 
at our dii$|xf^l it is very difficult to prove the presence of pathogenic 
germs among all tlie other Ijaeteria, and the supervision of a disinfection 
process cannot be carried out by testing whether pathogenic genua can 
be developed in the treated sewage. Other indirect methods must be 
employed. In lt<Ö2 1 drew attention to the fact that the presence of 
ßaeilim colt affords a good guide to the presence of fieeal matter iu water. 
These bacilli are found in large quantitien in the intestinal excreta of nearly 
all animaU ; and since »ewage is cbiedy daugcrous on account of inteatinut 
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diseases, ix, because patiioj^euic germs find their wiiy into Üie aewage along 
with thti conttjtitti of the inte«tinea^ the prcseoce or aJ>acucü of BacUiuii eoli 
allows fairly safe coucliifiions to be drawn m to tlie fear of infection* A 
yt'iir latür, Tlieobald Smith also rocommonded the use of ßaeUim coli as an 
indicatur, m a result of cxpctiuienU which he carried out m 1801, iu the 
same year as my own experimontö wero carried out, Since then BaclUns 
coli has conic to Imj regarded as a useful indicator iu this conuetstion. In 
examiuatious as to the infection of well or river water it is now customary 
to test for Bacillus colL In the disinfection of sewage, the Baeiiht^ colt 
appears to me to be an equally useful indicator. Not otily is itn presence 
certain in casea of choleni, typhoid, dysentery» and other intestinal discJtaes, 
but as regards its persistence under advurse conditions it is very similar 
to the typhoid bacillus. This is especially the c^ise as regards increase of 
temperature and the action of chemicals. Ab a further advantage» the 
fact must be regarded that BiwiUm coli m rather more persistent than the 
typhoid bacillus, antl that it is always present in sewage in largernumbors 
than the specific pathogenic organisnm. Hence, measures which lead to 
the separation or destruction of Baciiiua coli may be safely assumed to 
disjKJse of the typhoid bacillus and the equally sensitive germs of cholera, 
dysentery, etc. Ba€illu$ coli may be tested for in sewage without difficulty. 
It forms gas In media contjiining sugar, and may be recognised on plate 
cultures in which DrigalskFs mediumj Endows agar medium, Kotl>erger*8 
neutral red agar, and other special media are employed. In tlte absence 
of the possibility of directly testing for the presence of living pathogenic 
germs, the author has employed BacUkis mli as an indicator, Iti t!ie 
meantime this practice has also become general, especially in testing the 
efficiency of the disinfecting plant at sewage works, where it must be 
regarded as inadmissible to infect large volumes of sewage, which have to 
cnt^r the streams, with pathogenic germs even for purposes of experiment. 
In our disiufection espcrinients, shortly to be described, we have employed 
the Bacillm coll as our general indicaUjr* 

Also in exporiments on the removal of pithogenic germs from sewage, 
the Bitcillits coli has hitherto furtned the only useful indicator. Whilst it is 
not possible to detect the specilic pathogenic germs with which we are 
concerned in sewage, and other virulent liacteria which are usually found 
in sewage, such as ^treptoeocci und BaetUun ettttntidiiSt only occur to the 
extent of a few hundreds or thousands per c.c, Baeillu* coli in geneiully 
present to the extent of not less than 100,000 per c.c. If, therefore, the 
effiuent from a sewage purification works contains none or only a few coli 
baciliit it may be assumed that specific pathogenic gonna are absent, in 
view of the fact that Bn^^illiut coli is rery similar to the typhoid bacillus 
and much more rt»siätaiit to adverse conditions than the si>eciftc pathogenic 
organisms. 

Bemoval of Pathogenic Bacteria.— It must not be assumed that the 
iufii»cUous tutestinal bacteria are free to move ahout in sewage. Even 
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io diiiiThcca stoola n large perceofjige Mre eoelosed iq gelatinotts maaacs 
luid ill BUApeuded matter. Auj process which removes the suBpended 
Okatter from sewmge will therefore remove a large pet^eotage of tlie 
pAtbogentc hscteria at the same time. Our oomparatife experiment« on 
the actioD of large «edimeutatioti tanks in remoTing 1>&eteria from river 
water, which have now heen carried oü for soote years at Hamburgf have 
abowQ that, when the suspended matters were removed to the extent of 
30 per cent., the b»eteria were also removed to about the same eitent. 
In sewage a large portion of the siu^pended matter k of an organic nature, 
and conipocMxl largely of micro-organisnis, and hence the action of 
sedimeiiUitiOD in removing bru^term wUl he greater than in the case of 
river waten All the aboveniescribed processes of sewage treatment which 
aim at the removal of nuspended matters only, such as detritus tanks^ 
screens, sedimentation tanks, etc., will succeed at the same time in 
ooniider&hly reducing the number of infectious germs in sewage. Ä 
complete removal of all bacteria cannot, however, be expected of such 
processes. For a long time it was believed that the action of chemical 
precipitants was so far inimical to infectious germs as to completely 
destroy them ; but this view has been proved to be erroneous, its will be 
seen from the results of experiments described later. A greater reduction 
in the number of pathogenic germs may, however, be expected from 
proeeaB^ of chemical precipitation than from simple screening or 
sedimentation. The deposit obtained in either case must be regarded 
with suspicion. 

With regard to septic treatment, views have been published to the 
effect that pathogenic germs are quickly destroyed in septic tanks. This 
IS by no means the case* It ha^ been ähown that the number of Bacillus 
wli can be reduced by 40 or 50 per cent, in {missing through septic tanks ; 
but such a reduction, or cvcü a larger reduction, may be explained by 
tlie sedimentation which take^ pla^e, without ascribing any inimical action 
whatever to the septic process. I have had experiments carried out with 
A cholera-like vibrio, whichj as regards resistance, is ignite compimblo to the 
extremely sensitive cholera vibrio. These micro-organisms an* specially 
iuitahle for such experiments, because they phosphoresce, and hence the 
colonies may be easily recognised on plate cultures. They can, however» 
only be uaed as an indicator in cases where it is a question of destruying 
cholera vibrios or other equally sensitive micro-organisms ; they are not 
so resistant as typhoid bacilli. Our experiments showed that tliese 
micro-organisms remained active for thirty- three days iti a septic tank 
and only oeaaed to be recoguisablc after this period. This example serves 
to show that septic treatment does not afford a safe moans of disposing 
of pathogenic organisms. 

Great hopes Imve been raised as to the removal of the infectious 
character of sewage by biological processes of treatment. One of the 
mum advantages of irrigation, as wy have seen in the chapter dealing with 
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this subject, has been the assumed retention of pathogenic germs. Direct 
experiments on this point have not been made. It is well known that 
the number of bacteria in the effluents from properly working irrigation 
fai:ms is considerably less than in the crude sewage. At the Brunswick 
farm, for example, the number is reduced from 1,721,000 to 5591 per c.c, 
i,e. by 99*7 per cent. ; at the Freiburg farm from 840,400 to 67 per c.c, 
».«. by practically 100 per cent. On the other hand, in other carefully 
constructed and well-managed irrigation farms, with exceptionally suit- 
able soil, I have regularly found BclcUIus colt in the effluents. In the 
effluents from three different farms I have found coli or coli-like bacilli in 
00001 to 1-0 C.C. 

The officers of the present English Royal Commission have tested 
the best English irrigation farms and come to a similar conclusion. 
They state that land treatment does not alter the bacterial character 
of sewage; that all typical sewage bacteria, Bacilhcs enteritidis spf/ro- 
genes, Streptococci, and also Bacillus coli, are to be found in the 
effluents, whilst they are absent in soil which has not received sewage. 
They state that the number of bacteria is diminished, but that the 
character remains unaltered. The .relative amounts of the various 
bacteria also apparently remain uninfluenced. Such experiments do 
not necessarily prove that cholera vibrios and the bacilli of typhoid 
are not retained by the soil ; but from the results of our own careful 
experiments with intermittent filters I have no longer any doubt that 
these pathogenic organisms do pass through irrigation areas along with 
the affluent. 

As regards the question under consideration, intermittent filters are 
similar to irrigation farms. When they are worked under favourable 
conditions, as in Massachusetts, it is possible to reduce the number 
of bacteria very considerably, and to obtain effluents which yield 
a negative coli test with 100 c.c. Such results can only be produced, 
however, under very favourable circumstances, for even cholera-like 
vibrios can pass through intermittent filters. We charged such filters 
with sewage containing a million vibrios per c.c, and found in the 
effluent 10,000 per c.c 

We have carried out numerous investigations with artificial biological 
filters, and always found that they do not deprive sewage of its infectious 
character. Opinions which have been expressed to the effect that they con- 
siderably diminisli or even quite destroy the infectious nature of sewage are 
undoubtedly erroneous. The results which we obtained were only to be 
expected, but the tests have been made in order to furnish positive 
evidence against contrary opinions. Even the very sensitive vibrio 
described above passes tli rough every kind of artificial biological filter 
in a very short time. The effluents from such filters contain more 
living bacteria than the effluents from irrigation farms or land filtra- 
tion areas, and hence the number of pathogenic germs which can 
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pfies through öuch filtem will l>e large. Are the results of these experi- 
ments to be intörpretcd at* showing that the action of biological filU?fii 
id removing bacteria is negUgihlel Disüii^otiä with various export» 
have led me to believe that there h a tendency at the present time 
to anüWüt this queBtion in the athrmativo. Personally I cannot share 
this view. 

In amoa of infection the iufltience of quantity or maäg h not ao 
great aa in ehemical reactions, for tliii* influence is largely affected by 
the multiplication of the micro-organisms. On the other hand, I con- 
sider it to be, however, an epidemiologic^illy ascertained fact that in 
eases of infection the number of [mthogemc bacteria which gain access 
to the human body is of considerable importance. Of conr>je^ ii weakened 
siibjeet reacts to a very small nnmljcr of pathogenic germs, hut such 
exceptions are to be found to aU rules. Generally speaking, the roduo- 
tion in the num1>er of |iathogt3nic germs, such as is cftettcd by good 
irrigation or laud tilt ration, must be regarded aa a great advantage. 
This is especially so from the fiict that such works retain the suspended 
matter, which serves as a hiding-place, a means of subsistence, and a 
vuhicle for the bacteria. The retention of the sus}x^uded matter also 
makes more difficult the fight for existence on the part of the eom- 
piiratively few organisms which do hud their way into the streanL A 
similar action must be attributed to those processes of sewage treatment 
in which a less thorough removal of the suspentled matters is effected, 
except that, in so far as only the suspended matters are attcmptcsd to be 
removed t the scpiration of bacteria is not m complete as in the case of 
biological processes. 

The question as to what becomes of the pathogenic germs which 
are separated from sewage and which remain on and in the soil will 
not bo further considered here. It luis already been moot ion e<i that» 
in spite of the facts that irrigation has been used for over a hundred 
years, and that very thorough investigations have been made on the 
point, no case is known where epidemics have been traced to irrigation 
farms. 

Where the conditions are suoh as to necessitate a thorough purification 
of sewage from a chemical standpoint, the requirements from a bacterio- 
logical standpoint will be similar, and couscijueutly regard must be paid 
to the capabilities of the process which it is intended to adopt as regards the 
separation of pathogenic germs, A complete Reparation or destructioD of 
pathogenic genus is not, however, possible with any one of t!ie methods of 
puriii cation which have been eucccssfully adopted on a practical scale. 
Hence, in eases where pathogenic germs must necDssarily be removed from 
sewage, sjjecial measures must be adopted. No process of filtration is 
known which will effect tlie object in question. In filtration es{ienn»ents 
carried out for the English Royal Commission the bacilli of typhoid and 
cholera have not been detected in the etfltients from the filters; but 
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if such a tiitrutioti procesö were to be adopteti in coQüe€tion with 
a tie wage piiriticatiuu work^j^ tiltür beds wo aid be iieceaaiiry at leiiät 
equal in urea to those used for the filtrmtion of drit^king water, and 
even then e<|Uiil!y gootl rtsulU* with thorn obttiiiied in the above ex- 
po rime ni8 could not be rolled upjw. Ucncmllj «peakjiig, I do not regard 
the removal of pathogeoiG genua by meau» of ftltnition as praeticable. 
Methods deijendiug upon heat or chemieab can, therefore, alone be 
considered. 

Typhoid bacilli and all the other pathogenie ktcteria which we 
have eonsidered, as well aä the BucilUm coli catmnnnu, which we 
have xmed m an indieatorf are kuled in a few mbniteij if ex|>osed to 
a temperature of 60* to 70" C* Spore-forming bacteria, such iis the 
baeilli of antlirux and tetanus^ resist the action of even higher 
temperat tires whoD in the form of spores ; but, except in g|>eeial 
L^soHea, a diäcuBaiou of which would occupy too much space here, 
these bacilli have little inipurtancc in sow ago treatment* With 
town sewage thermal diainfection can «earcely aaaume praotie&l im- 
Bkniie^ on account of the danger to which the conntructional parts 
the works would be thereby subjected. The method may, how*ever, 
be med on a gmaller sciUe, under circnmatances which will be dealt 
with later, OeneniJly, howevLT» the disinfection of aewage will be beat 
attainud by chemical methods. 

DisinfectioiL 

By Cbemical MeanB.— Until 1893 the disinfection of sewage was 
regarded as a comparatively simple and loeipensive problem. It was 
thought that the addition of linie, until the sewage reacted slightly alkalinci 
was autbcient to kill any tjiHioid or cholera bacilli w hich might l>e proscntt 
Tbiü view haa not, however, been coufirmedi and the publish ed rosulta of 
the Hau:iboTg investigations appear to have received due consideration in 
(Germany, The same cannot be anid of England, where at the present time 
there are author» who hold the view that sewage may be disinfected by 
the addition of comparatively small amounts of varioua ehemieak, and 
conse(|uently at a small cost. If the matter had really been ao simple 
it would certainly not have been necenaary to spend us many years as I have 
done in experimenting on this subject. About ten years ago it was shown 
by Dr Zim and myself, by experiments with over 400 samples of sewage, 
that it is not alwaj» potjsible to kill the sensitive bacilli of typhoid and 
cholera within G to 12 houn* by the addition of one jmrt of calcium 
hydrate, Ca(0H)2, to 500 parts of sewage, even when the sewage ia 
i^mparativelj dilute. Lime ia regarded as a relatively strong disinfectant, 
and hence the above result« form a useful guide in judging of tho value of 
various recommendations which have lieen made for the chemical disinfec- 
tion of sewage. In the following table are given the results of comparative 
experiment» id a form which expresses the cost of obtaining a detinite 
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disinfecting action, the cost of obtaining such action by means of chloride 
of lime being taken as unity : — 

Cost of Disinfection. 



Disinfectant. 



Chloride of lime . 

Lime .... 

Cuprous chloride . 

PoUsüiiim pennanganate 

Chloros 

Eau de Javelle (sodium 

chlorite) . 
Commercial sulphuric acid 
Crude carbolic acid 
Mercuric chloride 
Cornmercial ferrous sulphate 
Commercial copper sulphate 

Lysol 

Formaliu . . . . 



hypo 



Relative Cost compared 
with Chloride of Lime. 



1 
2 
4 
6 
6 

8 

10 

20 

25 

40 

150 

500 

500 



The above results were obtained in experiments which were subject to 
the objection that the sewage used w^as variable in composition. Reliable 
and definite results can only be obtained by taking the average of repeated 
experiments. My own experiments are as yet scarcely numerous enough 
for this purpose, and hence some of the above figures may be subject to 
correction. One fact may, however, be regarded as certiiiu, viz., that none 
of the disinfectants suggested for the disinfection of sewage can approach 
chloride of lime as regards lowness of cost. It may be mentioned that, 
besides the disinfectants enumerated in the above list, others were em- 
ployed which have been recommended for this purpose. They included 
chinosol, spiritus saponatus, boric acid, borax, lead acetate, salicylic acid, 
hydrogen peroxide, alsol, cupric chloride, etc. None of these produced 
sufficiently satisfactory results to justify their inclusion in the above table. 

Chloride of lime in a concentration of 1 in 15,000, or 1 in 10,000, is 
more efficacious than lime in a concentration of 1 in 500. Although 
chloride of lime is considerably more expensive than lime, disinfection 
with its aid is cheaper than with lime. Moreover, lime, when added to 
sewage in the quantities necessary to disinfect, produces a considerable 
amount of sludge, whilst chloride of lime under similar conditions causes 
practically no precipitation in the sewage. 

The above experiments were carried out with sewage from which the 
suspended matters had been previously removed. The conclusions are, 
therefore, not directly applicable to the practice of sewage disinfection, 
especially as the pathogenic germs are largely to be considered, as being 
enclosed in organic particles in the sewage, and not freely distributed 
throughout the liquid. A disinfectant for sewage must therefore be judged 
on its power of penetration. . On this point experiments have been made 
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by Schumacher, and have resulted in favour of chloride of lime as com- 
pared with lime. Lumps of agar, I mm. in diameter, were not penetrated 
by lime in a concentration of 1 in 500, nor by chloride of lime of the same 
strength. Coli bacilli contained within the lumps of agar remained un- 
destroyed. Smaller pieces of agar, 0*75 mm. in diameter, were not 
penetrated by lime of the above concentration, but were penetrated by 
chloride of lime, 1 in 1000, four times out of five experiments, and by 
chloride of lime, 1 in 2000, three times out of five experiments. Lumps 
of agar, 0*5 mm. in diameter, were penetrated twice out of five experiments 
by lime in a concentration of 1 in 500, and four times out of five experi- 
ments by chloride of lime of a strength of 1 in 2000. 

In our further experiments we have used Bacillus colt as an indicator 
to test whether non-sporing pathogenic organisms were destroyed, and the 
above-mentioned phosphorescent vibrio to test whether the less resistant 
pathogenic germs were destroyed. It had previously been shown that this 
vibrio possesses the same resistant powers against the action of chloride of 
lime and lime as the vibrio of cholera. We also proved that typhoid 
bacilli are rather less resistant tlian coli with regard to both these disin- 
fectants. Bdcillu* coli is also more resistant than /?. pyocyaneus, the 
diphtheria bacillus, staphylococci, and Proteus. These facts, which were 
ascertained in the laboratory, have been confirmed later on the large scale ; 
for, in sewage in which the coli bacilli had been killed, we very rarely found 
other bacteria than sporing forms. If Bacillus coli is chosen as our indicator, 
the testing of the effect produced by disinfectants is not as simple as could 
be desired, for Bacillus coli does not possess any specific properties by 
which it can be immediately recognised among other bacteria. The 
introduction of Drigalski's nutrient medium has considerably simplified its 
isolation and recognition, but the colonies which appear as coli on the 
Drigalski plates must be subjected to further tests which are somewhat 
tedious. For a hygienic institution where such tests are being continually 
carried out, such a control or supervision of the disinfection process lies 
within the limits of possibility, but for individual institutions it is scarcely 
practicable. A simpler method of control is, therefore, very desirable. In 
the first place, we may regard it as certain that the character of the sewage 
will influence the disinfection by means of chloride of lime to a considerable 
extent. Our experiments have confirmed this view, and it may be stated 
that generally the more concentrated the sewage, i.e. the greater its oxygen 
absorbed figure, tlie more chloride of lime is necessary for its disinfection. 
Schumacher showed, however, that this guide is not quite reliable, and that 
under certain conditions a sewage having an oxygen absorbed figure of 
86*0 parts per 100,000 required very little more chloride of lime than a 
sewage having an oxygen absorbed figure of 35*0. Neither does the 
estimation of the suspended matters in the sewage afibrd a better guide, 
for their nature and, consequently, their power of absorbing chlorine is 
too varied. The chlorine is destroyed by sulphuretted hydrogen, as 



238 



PRINCIPLES OP SEWAGE TREATMENT, 



also by the disinfectant a whicli fire to b© found, often in very l&rge 
quantities, m tlie sewage of hoepitalfl. This was shown to be the cuae by 
Schunjacher, and Sehwara has farther investigated tlie problem. The 
latter has shown that carbolic acid most of all, but that also cresol aud 
lysol considerably diminish the disinfecting power of chloritle of lime. 
Mercuric ehloride and Ijsoform do not interfere with its aetion. Besides 
these two disinfectants and chloride of lime, Lifpmr cremli mpan is one of 
the most important which can l>e used in cases where an effectual tliain- 
fection is required. 

An estimate of the aniount of chloride of lime neeeasary for disinfection 
could not, therefore, be made by determining the concentration of the 
sew^age^ and it was thought that perhaps from the excess of free chlorine 
remaining in the sewage after disinfection information could be obtained 
on this point. K Schulz has carried out some ex[>erimenta for me in this 
direction, and hia preliminary experiments showed the applicability of the 
method» Conclusions can, however, only be drawn from the result«« of 
very numerous observations, and these have been conducted by Dr A, 
Schumacher with such patience as- can only be appreciated by those who 
liave attempted to master the complicated difficulties which are met with 
in such experiments^ The results of his numerous series of experiments 
are to be found in the publication cited ; they have convinced ui, however, 
that the excess of fi*ce chlorine remaining after the disinfection of sewage ' 
gives definite information as to the result of the disinfection. The 
quantity of chlorine tlms remaining is, of course, dependent upon the 
quantity of chloride of lime added in the tir^t instance, and also upon the 
length of time during which the action is continued. The latter factor is 
specially important ; for the longer the action of the chloride of lime is 
allowed to continue the more certain is the result, but the quantity of free 
chlorine remaining is then less. The |joriod of action nnist, therefore, be 
accurately known. Schumacher finds that wiien chloride of lime in a 
strength of 1 in 2000 is employed and allow^ed to act for two hours, the 
residual chlorine must amount to 4*9 parts per 100,000, if the disinfection 
is to bo efficient. Similarly» using a strength of 1 -in 5000 for two hours, 
the residual chlorine must be 2*1 parts per 100,000. Schumacher finds 
that under these conditions, if 100 samples of the effluent^ each 1 litre, are 
examined, Bacillus coli will be absent in sixty-two cases. From this it will 
be seen that with smaller volumes of the effluent, such as are generali j 
used in tests, BaciUtts coli will be absent. This importunt point rei^uires 
further consideration. 

It used to be customary, in testing the effect of sewage disinfection/ to 
examine I o.c, or even a fractiou of 1 c*c. After the adoption of the 
concentration method in conjunction with the use of peptone this 
quantity wa^ increased. At Hamburg wc used 50 or 100 cx„ and latar 
as much as a litre. In the examination of river water for typhoid baciUoB 
it SB now nsuaJ to employ ten litres, and if the process is continued much 
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further it will be necessary to convert a thousand litres of the water into 
cultnrea and incubate this enormous vohnne. For scientific inveatigationsj 
Äuch 1^ are carried on in our laboratories, the value of using such enor- 
tnouB volumes is of course undeniable, and it has to be done, but it does 
not appear to me to be nceeseary to introduce these methods into technical 
routine tests. The examination of a litre of sewage is equivalent to the 
examination of 1000 samples each 1 c.e. ; and if coli bacilli are absent in 
this volume it may he safolj concluded that none or only very few remain 
iu the whole volume of sewage which has been disinfected. Is it worth 
while to carry out tests even to this degree of fineness t We have seen 
that Jiaciiiiis coli is always present in the effluents from irrigation farms, 
and in these cases the examination of 1 c.c., and often of O'Ol or O'OOl 
C.C., is sufficient for the purpose. Even in the effluents from very carefully 
operated waterworks filtere, it is poäsibk to find coli bacilli when these are 
present to any appreciable extent in tho un filtered water. Bearing these 
facte in mind, I do not see any necessity tor carrying the disinfection of 
I sewage to such an extent that not a single coli bacillus oseapes from the 
disinfecting plant- 1 consider it quite sufficient to conduct the test with 
1 c.G* This conchisiQn is based on the fact that for every single patho- 
genic organism which may be present in sewage, hundreds or even 
thouBands of colt bacilli are present ; and if we cannot find "a single coll 
bacillus in 1 ex. we cauiiot exiiect to find a single spccißc pathogenic 
organism even by the examination of several thousand litres of the 
liquid. The experiinents of Schumacher wore very necessary to determine 
the practical limits to which disinfection c^n be carried out. By the 
addition of 5 lbs, of chloride of lime to 1000 gallons of sewage, ue. 1 in 
2000^ after two hours* action, Schumacher found coli bacilli in 12 out of 
100 samples, each of one litre. With chloride of lime 1 in 5000 he found 
coli bacillus in 38 out of 100 samples, a litre of effluent being converted 
into culture each time. One naturally asks what results would have been 
obtained if, instead of a litre, 1 ex. had been examined. In continuation 
of Schumacher's experiments, Schwarz has shown that cholera-like vibrios 
were killed by chloride of lime, 1 in 5000, even when a litre of efflnent 
was examined. The same results were obtained by the use of chloride of 
lime of a strength of I in 10,000 and 1 in 20,000. On using a strength of 
1 in 30,000, and examining a whole litre, vibrios were found in 2 out of 10 
samples ; on examining 50 ex., once out of 10 samples ; and on examining 
I ex. vibrioH were not found once in 10 samples. On testing for Bacillus 
Cali^ after using chloride of lime, 1 in 2000, for four hours, coli bacilli were 
abflent in 82' 5 per cent* of the samples examined, when a whole litre 
was submitted to the test ; this result agrees with thosje obtained by 
Schumacher. When 50 ex. were examined each time, coli bacilli were 
absent in about 95 per cent, of the samples ; and when only 1 ex. was 
examined, coli bacilli were absent in all wimples* The same results were 
obtained with certain sewages by using chloride of lime in atrengths of I 
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in 10,000 and 1 in 20,000, so long as only 1 c.c. of the sample was 
submitted to the test. 

The following table shows the number of developable organisms 
remaining in sewage, originally containing about one and a third million 
bacteria per c.c, after treatment with chloride of lime for four hours : — 

Reduction of Number of Bacteria, with varying Additions of 
Chloride of Lime. 



I Chloride of Lime 
! added. 



Average Number of Bacteria per e.e. 



Crude Sewage. Tank Effluent. 



i 1 : 2,000 1,350,000 ■ 15 

I 1 : 5,000 1,350,000 ' 23 

1 : 10.000 1,350,000 36 

1 : 20,000 1,350,000 72 

1 : 30,000 , 1,350,000 8.620 

1 : 40,000 i 1,350,000 59,000 
I 

The table shows that even with chloride of lime of a strength 1 in 
20,000 the numljer of bacteria is reduced to less than 100 per c.c. On 
examining the results published by Schwarz, one obtains the impression 
that for all practical purposes it is sufficient to add chloride of lime, 1 in 
5000, to ordinary sewage, and to allow its action to continue for two hours, 
in order to destroy the germs of typhoid, dysentery, cholera, and patho- 
genic germs of similar sensitiveness. 

At Hamburg, several of the larger hospitals and similar institutions 
disinfect their sewage with chloride of lime in specially constructed 
cesspools. Schumacher thus had an opportunity of testing the results of 
his experiments on a practical scale, but it appears to me that the results 
which he obtained in this manner are not directly applicable to the 
conditions existing in cases where it is a question of disinfecting the total 
sewage of a town. In such cases specially constructed plant does not 
exist. The literature on the subject would lead one to believe that it is 
only necessary to add the disinfectant at any pioint along the line of the 
sewers in order to effect the complete destruction of the pathogenic germs 
within a few minutes. The abovc-descril)ed Hamburg experiments ought 
to Ix; sufficient to remove any false impressions on this point. The number 
of towns is continually increasing in which it is necessary to pass all the 
sewage through settling tanks, and these are now being operated almost 
exclusively on the continuous principle, Le. the sewage enters contmuously 
at one end and leaves the tank in a continuous stream at the other end. 
With the object of ascertaining whether perfect disinfection could be 
obtained when working in this manner, I had one of the tanks at the 
Hamburg experimental works so arranged that it was filled by the 
incoming sewage on an average in four hours. With a continuous flow, then. 



THE DISINFECTION OP SEWAGE. 24 1 

it must be assumed that the sewage remained for four hours in the tank, 
provided that the distribution and flow were regular. With this tank 
Schwarz has carried out experiments in which cholera-like vibrios were 
mixed with the inflowing sewage. It was shown that these vibrios were 
very soon found in every portion of the tank, and that when they were 
no longer added to the incoming sewage they were still to be found in 
the tank for several days. As a second indicator, BciciUits colt was 
employed, as it was always present in the sewage in considerable quanti- 
ties. The experiments of Schwarz, which were carried out in a very 
thorough manner, showed that the vibrios were destroyed by a very small 
addition of chloride of lime ; so that on examining a litre of the tank 
effluent, after chloride of lime, 1 in 20,000, had acted in the tank for four 
hours, vibrios were never found to be present. Bacillus colt, which, as 
already mentioned, served as an indicator for disinfection against typhoid, 
was found in three out of seventeen litre samples, after the addition of 
chloride of lime, 1 in 2000. When 1 c.c. samples were examined, Bacillus 
coli could not be detected even after the addition of chloride of lime, 1 in 
10,000 and 1 in 20,000. Only on one occasion were coli bacilli found 
after chloride of lime, 1 in 5000, had been used. 

In these experiments the disinfected sewage was conducted to a 
biological filter without previously neutralising the residual free chlorine. 
This procedure might be expected to cause a diminution in the action of 
the filter. When carbolic acid, mercuric chloride, and similar disinfectants 
are employed, this is indeed the case ; absorption soon ceases, and it is not 
long before the effluent leaves the filter in a putrescible condition. With 
hypochlorite, the active constituent of chloride of lime, however, reduction 
takes place in the uppermost layers of the filter, and its further action is 
prevented, as I have been able to show in conjunction with Dr Korn. In 
the lower layers of the filter even the sensitive nitrifying organisms 
remain undisturbed, and the processes of purification and oxidation can 
continue unhindered. 

It was desirable to confirm the results obtained with small filters on a 
somewhat larger scale, and hence the disinfected sewage was discharged 
on to a filter of about sixty-five square yards' surface area. Schwarz showed, 
in the first place, that when the disinfectant was not used the vibrios were 
discharged in large quantities in the filter effluent. After the addition of 
chloride of lime, the action of the filter continued as before. Vibrios were 
absent in the sewage which reached the filter, and they soon disappeared 
from the filter effluent. Bacillus coli remained present in the filter effluent 
rather longer than vibrio, but also disappeared in a short time. 

Having regard to the established fact that the action of chloride of 
lime does not penetrate deeply into the solid matters, the experiments of 
Schwarz were carried out with sewage which had passed through a 
millimetre sieve. We consider it necessary that all suspended matter 
larger than 1 mm. in size sliould be removed from sewage before it can be 
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aatisfactonly rli^infected. In the later experiments thb removal was 
effected 111 a settling tank which ^rved at the sauje time as a disinfecting 
tank, Subwara convinced himself that the sediment remaining m the 
tank was not sufficiently disinfected to be adnntted to the sewera along 
with the ordinary sewage* Hence a thorough sewage disinfection must 
also bare regard to tlie separate treatment of this sediment. In the first 
plaeej the «UBpendal matter may be separated by means of screens or 
similar apparatus, by sedi mentation, or by ohomical precipitation. With 
soreens a small quantity of material is obtained which contains com* 
paratively little moisture, and which h therefore easy to handle ; with 
settling tanks or chemical precipitation a much larger quantity of a wet 
sludge in obtained, which is very difficidt to drain. Neither process could 
lio adopted within the grouuds of a hospital without causing a nuisancai 
and the operation would require considemhle exponditnre. Of the various 
known forms of apparatnSj the only suitable one appears to me to be 
Kienacij s circular sieve, which is in operation at Dresden* From about 
25,000 gallons of sewage this sieve would uot separate more than about 
four cubic feet of solid matter in such a condition that it could be easily 
disinfected by heating to 70' C, by addition of disinfectants, by burning 
under Vjoilcrs, or by some similar method. 

Besides such an apparatus, the septic process also appeared to me to 
be applicable for purposes of disinfection. In this process, as we have 
seen, tlic organic solids, in which the pathogenic germs are enreloped, 
become gradually broken up or dissolved. The efHuonts from septic tanks 
contain only small amounts of suspended matter, and this is no longer 
present in the flocculent form, but is of a more or less broken granular 
eharacter. The sulphuretted hydrogen in these effluents migfit lie n 
disturbing factor. In order to investigate the applicability of the septic 
process, sewage was lirst passed through a septic tank at such a rate as to 
remain for nine hours in the tank. Chloride of lime, 1 in 10,000, was 
then added to the eMuent from the septic tank and allowed to act for 
three and a half hours, Bacilhti coii was absent in 100 c,c. of the effluent 
in 100 per cent, of the samples examined. Thus the introduction of the 
septic tank gave better results with one-fifth of the amount of chloride of 
lime which had been necessary when treating the crude sewage. When 
the tank was allowed to stand for a day or two^ the results obtained on 
continuing the experiments were not so good, and determinations of the 
amount of sulphuretted hydrogen led to the conclusion that the increasijig 
quantities of this gas had caused the jioorer results. The effluents fitna 
septic tanks therefore which contain much sulphuretted hydrogen r^quin 
larger quantities of chloride of lime, but not by any means as much as is 
required by fresh crude sewage. The time during which the sewage 
remained in the septic tank was at first nine hours, but this was reduced 
first to four and then to two boure without interfering with the result of 
the dmuifectioiL 
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This experiment differs from the one described above in which a settling 
tank was used, in so far as in the latter the disinfectant was added to the 
tank which contained the sediment; the decomposition of the sediment 
being thereby prevented, and a portion of the disinfectant being absorbed 
and thus rendered inactive. With the septic process the disinfectant does 
not come into contact with the sediment, which remains in the septic tank 
and is gradually decomposed. The products of decomposition exert a con- 
siderable influence on the dissolved organic matters in the sewage passing 
through the tank even in the short periods mentioned above, and it can be 
assumed that in the effluents from septic tanks the bacteria are chiefly free 
in the liquid and not enveloped in other matter. 

By the addition of chloride of lime, 1 in 10,000, to the effluents from 
septic tanks, we were not only able to destroy coli and similar bacteria, 
but often the effluent from the disinfecting tank was sterile. Bacillus colt 
was, however, found in the small quantities of sludge which collected in 
the disinfecting tank every few weeks ; but two hours' action of chloride 
of lime, 1 in 5000, on this sludge was sufficient to kill all bacteria. 

After disinfection the septic tank effluent was conducted on to a 
percolating filter of sixty-five square yards' surface area, at a rate corre- 
sponding to about a million and a quarter gallons per acre daily, this 
quantity being discharged within twelve hours. The action of the filter 
was in no way injured during the several months it was in operation. 

I believe that the above investigations represent a decided progress in 
the technical details of sewage disinfection. After the experiments had 
been concluded, the third edition of IlideaPs book on Sewage Purification 
appeared, in which it is stated that the Indian Government has carried out 
experiments on the river Hooghly. Chloride of lime was added to septic 
tank effluents, and complete sterilisation was obtained. 

Works have been constructed on the above principle in connection 
with the disposal of sewage at the Hamburg Emigration Halls, and they 
are giving every satisfaction as regards the disinfection of the sewage. 

Deodorisation. — The above experiments were also undertaken with the 
object of seeing whether it was possible to dispose of the odorous substances 
which give rise to nuisances when septic tank effluents are distributed 
over filters. This deodorising process was easily accomplished by the use 
of iron salts, e.r/, ferrous sulphate, but the effluents became black, and 
treatment in biological filters did not remove the black coloration. The 
particles of sulphide of iron, which were the cause of the coloration, were 
80 fine as to pass through the filters. Better results were obtained by 
introducing a layer of iron shavings, arranged in the form of a mattress, 
into the septic tank. In this manner the sulphuretted hydrogen was 
fixed and remained largely in the septic tank. Chloride of lime is also 
able to destroy sulphuretted hydrogen, but for some persons the odour of 
chlorine is scarcely less objectionable than that of sulphuretted hydrogen. 
The amounts of chloride of lime necessary for deodorising purposes in the 
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septic tank are, however, so small that an odour would only be perceptible 
in the immediate vicinity of the tanks. The use of chloride of lime 
would thus combine the prevention of nuisance from sulphuretted 
hydrogen with disinfection. 

What has been said above will have made it clear that the disinfection 
of sewage is not as simple and inexpensive as it was formerly thought to 
be. If all the sewage of our towns were to be continuously disinfected, 
the cost of the chloride of lime alone would amount daily to several 
hundred pounds sterling for some of our larger towns. As mentioned at 
the beginning of this chapter, the results obtained would not be in pro- 
portion with the expenditure incurred, nor would more be achieved than 
by the adoption of measures which aim at the disinfection of the sewage 
at the bed-side of the patient. Since 1899 the mode of procedure at 
Hamburg in such cases has been that, as soon as typhoid or some similar 
disease is notified, the medical officer decides whether the patient is to be 
taken to the hospital. The sewage from the infectious diseases portions of 
all our hospitals is disinfected before being discharged to the sewers. If it 
is possible to carry out the disinfection satisfactorily in the home of the 
patient, the disinfectants are provided by the State, and delivered by an 
official, who gives deßnite instruction to the attendants as to what must 
be disinfected and how the process is to be carried out. 

The propriety of such regulations is now generally recognised, but the 
question is often discussed as to whether it would not be better in cases of 
serious epidemics to disinfect the whole sewage of the area in question. 

In Germany the decision of such matters remains in the hands of the 
Central Authorities. This is as it should be, for it does not leave us 
dependent upon the whims and ignorance of small authorities. It can be 
assumed that the experts of the Central Authority will keep in touch with 
the technical developments of disinfection, and will not require the 
adoption of measures which necessitate large expenditure without ensuring 
reliable results. 



CHAPTER X. 

SÜFEBVISION AND INSPECTION OF SEWAGE DISPOSAL 

WOEES. 

Self-Purification of Streams. — The objects of sewage purification may 
be shortly described as an attempt to preserve our rivers in their natural 
condition, to guard them against visible iK)llution, and to prevent danger 
to the health of those living near them. Whenever sewage can be 
discharged into a large swift-flowing river, visible alterations in the 
condition of the river can be easily prevented. 

The self-purifying power of water is usually underestimated. So long 
as water contains the usual amount of oxygen necessary for saturation, it 
is able to mineralise and gasify considerable quantities of putrcscible 
substances by means of the biological processes which rapidly develop 
when such substances arc present. This touches on the interesting sub- 
ject of the self-purification of rivers, a subject about which much has been 
written in recent years, without, however, treating all the aspects of the 
question in a manner which may be considered thorough. It would be 
quite natural to deal with these questions in connection with the subject 
of biological sewage purification ; for then much would appear clear which 
is at present somewhat nebulous. In this connection I have for a long 
time studied the question of self-purification, but must refrain from 
dealing with the subject here ; for in the present state of the literature 
no purpose would be served except by a very full discussion of all the 
facts, and for this there is not space at my disposal. 

The Rhine and the Elbe, for example, can receive and deal with the 
sewage of millions without showing any perceptible change in these mighty 
rivers, so long as the coarse suspended matters are removed from the 
sewage before its discharge. The supervision of works of this character 
is very simple. It is sufficient simply to inspect the plant and a2)paratus 
provided and to make a survey of the river bank. Chemical tests are 
quite unnecessary ; for the changes which are caused by discharging the 
entire sewage of the larger towns cannot be chemically detected in such 
mighty rivers, so long as the sewage is discharged in a rational manner. 
The course which the sewage takes can only be detected in the increased 
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number of bacteria in the river vyater, but even this trace disappears in a 
short diBtOQce, 

Tests of Impurity, — ^Whcre the couditioua are uot quite m favQural.ilc% 
and the removal of the coarser auspendud solids is uot suflicieiitj but where 
much of the titier ÄiLspended matter must also be removed by means of 
südimeittatiou or chcmteal precipitation, a ooutrol of the process can Kie 
restricted to au estimatiou of the susi^euded solids iu the sewage lea\'ing 
the works, iu order to see that the allowable limit is not exceeded. If 
the suspended solids uro to he estiuiated in the u^ual manner, the 
determiuations must be carried out by cheoiiats in a laboratory. For 
practical purposes it wilt be sufficient to allow sampler of the eiHuent to 
stand in cylinders and to see what amounts of suspended matter settle out 
in detinitc times, half an hour, an hour, or twenty -four hours. Besides 
this the course of the stream should be surveyed, in order to see whether 
perceptible alterations arc to be oliserved. The vegetation on the lianks 
of the sti'eam should also lie observed, and any injury to lishdife should be 
accurately studied. 

If it is a case of a small stream receiving a compamtively laige volume 
of sewage, it will be nucesHary to submit the sew&ge to a biological process 
of puntication before discharging it, iu order that the stream may appear 
to our senses to preserve its natural purity* If for the moment we dismiss 
the (piestion of danger to health fruui consideration, all that remains is how 
to prevent the stream and its bed from becoming evil-smelling and sludged 
up. This will be accomplished if the sewage is pvirified to such au extent 
that it is no longer putrescibie. Whether this ha« been done or not may 
be easily tested by keeping a snjn pie of the eÖiuent in a closed bottle at 
the ordinary temperature and observiug whether an objectionable smell is 
produced. If not, the ßtreani will s utter uo injury from the discharge of 
the ettiucnt. This test may not be sufficient if the sewage contains 
chemicals which prevent bacterial development and thus hinder putre- 
faetiouj but this is never the case with ordinary town sewage, 

If the purification has not been satisfactory, the first indication of this 
will be found in the grey vegetable growths which will la? found along 
the hanks of the stream, especially attached to stones, bushes, weedg, etc 
These become covered with a gj^y slimy mass, either ilocculent or in tufts. 
Whenever such growths are to be found, the efiiueuts from the purification 
works will become putrescent ou keeping in a closed bottle. If tlie 
effluent from the works is always nofi-putrescible, such growths are not to 
be found, even if the stream consists almost eutirely of purified sewage ; and 
iish-life, which of course serves as a usefid indicittor in such supervision, 
will be iu no way endangered. 

The tech ni oil side of sewage purification has now been so far developtd 
that it is possible to preserve the natural appearance of every stream, even 
the smallest. It is another question whether tliis is in every case dL-sirable. 
la diätrkls where everything depends upon industrial dovelopment, or iu 
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the case of a large town situated on a small stream which is not naturally 
pretty, it will not always be desirable. In all cases it will be necessary to 
give due consideration to the various opposing interests. Such questions 
should not be in the hands of the local authorities, but should be decided 
by the central authorities. The question becomes a diflBcult one when the 
source of pollution is not definite, as, for instance, the sewers of a single 
town, but is due to numerous causes along the whole course of the stream. 
If the natural appearance of such a stream has to be preserved, the super- 
vising authorities must first be able to fix the blame for any pollution 
which occurs. Under certain circumstances this will be possible by 
observing the condition of the stream and its banks immediately below the 
point of discharge; and if the person concerned can show that all the 
samples which he has taken did not putrefy when kept in closed bottles, it 
will be necessary to find out whether the discharge of insufiicicntly purified 
or indeed totally unpurified liquid has not taken place temporarily. In 
the first place, it is necessary to find out how often any storm-water over- 
flows have been in operation. Then the purification works should be 
thoroughly inspected to see if they are able to perform the requirements 
which are expected to be fulfilled ; if such be the case, the management of 
the works should be inquired into. Even in such a thorough inspection, 
the above-mentioned tests will usually be sufticient ; but it may occasionally 
be necessary to have numerical results of the operation of the purification 
works, and in such cases the necessary tests will have to be carried out by 
a hygienist or chemist. I should be exceeding the limits which I have 
placed on this book if I were to describe the tests which would have to be 
made in such cases. The methods which have been adopted in the Institute 
which is under my direction have been already published (Famsteiner, 
Buttenberg und Korn, Leitfaden für die chemische Untersuchung von 
Abwasser. Munich, 1902). Much unnecessary and useless work has been 
done in the province of the chemical analysis of sewage. Each time I see 
the various publications on the subject I say to myself, involuntarily : 
What an amount of really useful data could have been obtained in the 
time ! As matters are, it ia scarcely possible to find a few figures among 
the many thousands of published analyses which can be used for purposes 
of comparison. Generally, figures are given referring to certain constituents 
in the effluent without any data as to the character of the unpurified 
sewage. Such figures are generally of little use. In cases where the 
effluent contains large amounts of susi)ended matter or organic substances, 
it may be concluded that the purification works have not been in satis- 
factory operation. In certain cases the analyses of the effluent may show 
large amounts of organic matter and yet the effluent be satisfactory. Up 
to the present we have not possessed a chemical test which directly 
measures the amount of putrescible matter in sewages or effluents. We 
have, therefore, had to satisfy ourselves with the aid of indirect methods. 
Although I do not intend to deal with the details of chemical examination 
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liere, it does üppea-r dtsairaUlo to point out the weaknes*se8 ; for, ws matters 
»Uitid at present, siimpleij are gene rally forwarded to the lal »oratory with 
tlie reipiest that they be exantiiied, A table of analyticiil results is thea 
furnished, the value of which is generally not vin<lersti.>od by the person 
forwarding the stun pie. If now the analytical data furuished by different 
laboratorieö are conipared^ uoe is forced to the reniarkable eonelusion that 
one analyst carries out ttjtally different investigations from another. It 
can thus happen that, in companng analyses which have been carried out 
for years, one tin do figures whtcb are not comparable with those which one 
considers useful^ and of vvhich one can make as httle ii&e as those who had 
the analyses performed. 

In England and America matters are somewhat diflTerent ; for there it 
is customary for the same metbods to be adopted in almost all laboratories. 
Some of these methods are^ however, diflerent from those which arej 
reco^ised by (Jerman experts* The English estimations, even including 
that of the albununoid ammonia, have some practical value^ and the 
wish forces itself upon us that German exj^erts may in time adopt the 
English methods of examirmtion. This would, indeed, be a decided 
advantage over present conditions. Such procedure would also be in 
the general interest, for it would allow of the exceedingly nmueroua 
estimations which have been carried out in Great Britain being used 
for the purpose of judgitig the operations which are being carried on 
in Uermany at the present day. It would be even better if the experts 
of these two nations, which now stand ahead of ali others on thk 
subject, oould agree npon a common method of procedure. The reports < 
of the English Royal ('omfiiisüion fm'nish a very )j;r«>d himis upon whicli 
to found negotiations, and it would be very salutary if tlie proper 
authorities of the tterman Empire could agree upon connt&eneing such 
uegotiutions. 

The following short account of the importance of the various methods 
of examination used in the supervision of sewage^ purifieation works may 
be added to what has already l>een said in Chapter V. 

The physical ejaminatimt ineltides notes as to the colour, cleaniess, or 
tmnsparency, and the amount of sediment. It is not sutheient to note 
the colour of the liquid in the sewer or river; the sample must tii^t be 
taken in glass vessels» In cöti mating the ff'iiatfrimreurf/^ the water is usually 
poured into a tall cylinder, lieneath which is placed a white printed sheet 
(Snellen's Reading Test), or a white porcelain plate uikju which Bmall 
black squares are engraved. The height of liquid tlimugli which it is 
just possible to read the letters is then estimated. The result is usually I 
expresserl as ^' inches of tninsparency*" The transparency varies inversely 
as the turbidity of the liquid. Attempts have been made to obtain 
numerical value« of tnrbidity by comparison with standards, i.e. sus- 
pensions of definite sul^stances, uuch as diatonutceous earth ; the suspended 
matters which escape in the elHuents from biological tilters have idso 1 
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used in the preparation of such standards, so that they might possess the 
necessary coloured tints. 

In order to estimate the amount of sediment or taspended solids the liquid 
is filtered clear, and the solids retained by the filter are dried and weighed ; 
or two samples are evaporated to dryness, one before and the other after 
filtration. The dry residue from each of these samples is then weighed, 
and the difference returned as " suspended solids." Microscopical examina- 
tion often affords valuable information as to the nature of the suspended 
solids. 

The chemical examination of samples is generally conducted in Germany 
on the clear filtrate. The whole of the substances present in the clear 
filtered sewage are regarded as dissolved solids or dry residue, since it 
remains as a dry precipitate when the water is evaporated. It has already 
been shown (p. 35) how this factor is greatly influenced by the composi- 
tion of the water supply. In a further examination of the total dissolved 
solids, great importance is often attached to the estimation of the chlorine 
or sodium c/doride, because it is assumed that the chlorine is chiefly derived 
from human excreta. Such estimations have, however, only a local value, 
and serve chiefly to indicate whether samples of effluent correspond with 
those of crude sewage obtained at similar periods (see p. 37). It has also 
been mentioned that estimations of this character can only yield valuable 
information either when average samples are carefully obtained, having 
due regard to the flow at the time of sampling, or when the number of 
analyses carried out is very large. 

In the supervision of sewage purification works, estimations of iron, 
sulphuric acid, lime, magnesia, hardness, phosphoric acid, etc., have, 
generally speaking, little value, so long as we are dealing with domestic 
sewage or town sewage which is chiefly of a domestic character. Such 
determinations are often of importance in connection with works for the 
purificiition of trade refuse, but it is not my intention to deal with these 
in this book. Even then, however, a single estimation as to whether the 
effluent is too acid or too alkaline is generally sufficient. 

Besides the above tests, the only useful ones are those which give us 
information as to the putrescibility of an effluent. The want of a really 
satisfactory direct test on this point has led to the introduction of au 
almost unlimited number of indirect tests, the value of which I will 
shortly describe. 

The oldest of these methods is the estimation of the loss on ignition. 
The sample is evaporated to dryness, and the residue thus obtained is 
ignited. The loss of weight is regarded as combustible organic matter. 
This method is unsatisfactory, because certain harmless inorganic substances 
are also volatilised in the i)rocess. 

In 1849, P^orchhammer adopted, as the starting-point of a now method 
of investigation, the fact that organic substances are strong reducing 
agents, i.e, they absorb oxygen. As a conveyor of oxygen, he used a 
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sohilloD of jiotasöimii penimnguiiate whkli loses its colour when in contact 
with organic luatter. Thö larger the amotitit of organic tiiatttT in a 
liquid thü more permanganate Bolutiou will it be able to decolourise. 
This teat is termed I ho oxpißtn ahmrbed test. A deünit© ijimiitity of 
pota8Hiu£ii penimugauatt^ decolourized m thi» pro^enä uorre^ponds to a 
deßnite quantity of oxygen absorlied. The amount of potassium per- 
manganate di\'ided hy 3*95^ or multiplied by 0"353, gives the amount of 
oxygen a!>SürljL'<U In Ucmiany it ia Uöual to state the ret^ults in terms 
of potassium permang^natei whilst in Euglatid and America the oxygen 
abeorhed is usually given. This method of exaniiiiatioii form« the baais 
of a whole &eritm uf methods, which butir quitu different names, and whiok 
from their namee woidd appear to bo quite independent method&. Wood, 
for exami)le, multiplied the amount of i>ermanganate decolourised by five 
and returned the rewult as *' organic matter." Thiü method is very 
nusatb factory, but iä still to be found adopted in eertain amdytioal 
tables, 

Cienerally speaking, howcverj the above method at the present day is 
used to obtain an expresüion for the amount of permanganate deeolourised» 
or, whieli Ls etpially correct, the uxy^j^uu absorl>ed» Some analysts determine 
this hgure by the methixl of Kubel, othei"s employ that of Schulise. Both 
these metlimls agree in the use of <Jxalic acid to estiniate the amotuit of 
[>ermanganate decolourised, but Kubel allows the permanganate to aet 
after the addition of äulphurie aeid, t>. in ^teid solution, whilst Behuhse 
ciirries out the operation in alkaline solution. In both methixla the 
oxidation proceedM at tlio boiling temperature* In 1879^ Tidy reeom- 
mended that the oxidation should la? oarried out at room tempo mture. 
This BO-ealled **Tidy test,'' in wliich the pornuinganate was originally 
allowed to act for two and a half hours, is the one w hieh hau since been 
generally adopted in England* The action of the permanganate is, however, 
allowcfi to continue for four hours, or for three minutes if it is desired to 
estimate the amount of easily decomptjäcd organic matter. The results 
obtained in the three mimites' test are comtJared with tho^e obtained with 
the same sample after ineuhation for several days* The sample is regarded 
as satisfactory if the result t»f the second test is lower or not greater tlian 
that of the lirst. This is termed the " incubator test," The estimation 
of oxygen absorbed, ;is carried out in Gi-eat Britain, also di tiers from the 
method adopted in Uermau laboratories in tliat the saniple of sewage is 
generally first tiltered in (iermriny, /.«?. the suspended wolids are removed 
before the test is performecL On this (>oint 1 should like our English 
etil leagues to adopt the {^ermau methofl, for the suJ!»pende*l matter in 
crude sewage ia not directly comparable with that found in the effluent, 
from biological hlteiu 

As already mentioned, eonsidorablo sources of error are attach ml to 

the estimation of the oxygen alisorhed. It h quite imp*>8Kilile, as a result 

of this det^rmiimtion alone, to say whether a sample is pntrescible or noL 
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The results are, however, valuable in the control of one and the same 
purification works. As soon, therefore, as it has been shown that the 
sewage of a certain town is not putrescible when its oxygen absorbed has 
been reduced below a certain limit, it will be sufficient to determine the 
oxygen absorbed, say daily. In this connection the four hours' test is 
very useful, without carrying out the other more complicated determina- 
tions. 

If the oxygen absorbed of the crude sewage is known, and this is 
compared with that of the effluent, conclusions may be drawn as to the 
putrescibility of the effluent. In 1899, as a result of numerous experi- 
ments, I was able to state that domestic sewage is deprived of its 
putrescible character if purification is carried out to such an extent as 
to reduce the oxygen absorbed, estimated by Kubel's method, by 60 to 
65 per cent. Experience gained since then has only served to strengthen 
this view. 

The oxygen absorbed of the purified non-putrescible effluent from one 
sewage works may be higher than that of the crude sewage reaching 
another works. In such cases the analytical ßgures would furnish little 
information, unless it were possible to compare those of the untreated with 
those of the treated sewage. 

If methylene blue is added to unpurifiod sewage its colour is discharged. 
In investigations upon the biological method of purification I employed 
this colouring matter in 1897. In 1902, Spitta recommended the addition 
of methylene blue to purified effluents, and noting if the colour is dis- 
charged within a certain time. This process has been further worked out 
by Spitta and Weldert. According to their observations, well-purified 
effluents do not decolourise the methylene blue within ten days. The 
method, like the previous one, depends upon the reducing action of un- 
purified sewage. With purified sewages, however, it is usually the 
sulphuretted hydrogen formed from the organic matter, and not the 
organic matter itself, which exercises the reducing action. Recently, on 
the recommendation of Fowler, another method has been adopted which 
also depends upon the reducing action of unpurified sewage. The purified 
sewage is mixed with tap water, and the sample kept at a definite tempera- 
ture for a certain time (two to three days). The amount of dissolved 
oxygen remaining in the sample is then estimated. 

Besides the estimations of oxygen absorbed and the reducing action of 
effluents, attempts have been made to utilise determinations of organic 
nitrogen and organic carbon in order to gain information as to the 
putrescibility of effluents. In 1869, Wanklyn, Chapman, and Smith 
recommended the estimation of the organic nitrogen in place of the oxygen 
absorbed, which was then regarded as rather worthless. In England the 
albuminoid nitrogen is usually determined ; like the organic nitrogen, 
which is usually estimated in Germany, it is intended to yield information 
as to the amount of nitrogenous organic matter in the effluent. The 
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process m hsjused upou the assumptioji that the offensive chamcter of 
sewage iö due to tho putrefaction of nitrogenous organic matter. Doubtless 
mueh importatiüe wiiä atiaehed t'O the pimeti'ating odovir of ainntonta which 
SkfimB horn the decomposition of faecal matter and urine, and hence the 
amount of ammonia is generally estimated in investigations, special im- 
porUmce being attached to the ueeeasity of m little nitrogt^n a^ poäsible 
being present In the form of ammonia, and aa much as posnible in the form 
of nitric acid. In sewage the odour of ammonia is usually absent ; onJj at 
sewage works, where lime is used for eh^mical precipitfilion, e^in it be 
observed. Neither does putrefying domestic sewage smell of ammonia, 
but of sulphuretted hydrogen. The estimation of organic nitrogen is 
rather troublesome, and the amounts to \*g estimated are very small, so 
that the errors^ when calculated into percentages» are very large. The 
se[mrate estimation of the nitric acid, which is regaitlji^d as harmless, also 
present» difhculties, and hence a whole series of niodificatiouo in carrying 
out the estiniations have been recommended. To the nmthod of Wauklyn, 
ChapuLan and Smith, Kjeldahl's method was added in IHSZ, after a method 
had been devised by Franklaud and Armstrong for the combined estimation 
of oi^rbon and nitrogen. Later moditicutions are due to lodlbauer, Ulseh, 
Froskauer, and Zuelzer, in which nitrates and nitrites ai*^ first removed 
and separately estimated. At the present day great impoilance still 
atUiehes to an estimation of organic nitrogen in sewages and etÜuents, I 
consider this determination to bo quite unnecess^try for technical puiposcs ; 
for special scientific investigations it doubtless possesses a certain value, 

in 1ÖÜ1, König published a new method for estimating organic carbon^ 
which possessed certain lul van ttiges over the estiujation of organic nitrogen^ 
but its application in the practical working of sewage purification works is 
also unnecessary, 

A chemical ejKEimiuatiou of sewage is usually undertaken in order to 
determine whether the sample will putrefy* The sign of putrehiction 
is the formation of sulphuretteii hydrogen, and the sulphuretted hydrogen 
is formed from the sulphui" present in the organic matter, the organic 
sulphur. For some years 1 have had experiments in progresjs to determine 
whether organic sulphur can be always detected in crude sewage or in 
samples of efiiuunt wliieh are putreseiblü, and whether it is alwiiyt^ absent 
from nonputrcsciblc s^unples. These studies originated from th<i above 
mentioned fact that sewage is no loo gor putreseihle if its oxygen absorl>ed 
is reduced by 6Ü to 65 per cent, by means of biologieal processes. Fvu'ther 
experimentH showed that tliis is not only true of the oxygen almorbed, but 
also that sewage in which the loss on ignition, the organic nitrogen, or the 
organic carbon has been reduced by the sj^nie amount by biologieÄl 
princesses, is no longer putrescible. Purification then to this extent is 
oJiactiy sufficient to attain the degree of absorption, deeompfisition, and 
mineralisation which is necessary for our purpose, namely, the removal 
of those matters from the sewage which are able to give rise to putrefactiou. 
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Since now the putrefaction of sewage is always indicated by the formation 
of sulphuretted hydrogen, the above observations must be due to the fact 
that biological purification to the above mentioned extent is exactly 
sufficient to ensure removal of the organic sulphur. Our experiments in 
this direction have fully confirmed my deductions, and have led to the 
adoption of a method which we term " the Hamburg test for putrescibility," 
or, more shortly, " the Hamburg putrescibility test." 

The method depends upon the conversion of the organic sulphur, after 
first removing the inorganic combined sulphur, into sulphide, which can 
then be detected by Carols methylene blue reaction. The results of our 
experiments showed that all cnidc sewages and effluent« in which the 
reduction of the oxygen absorbed was less than 60 per cent, gave the 
methylene blue reaction, whilst effluents with a greater reduction than 
60 to 65 per cent, in the oxygen absorbed did not give the reaction. 

For years my own standpoint has been that, where the conditions for 
discharging sewage into a sti'eam are unfavourable, the object of puri- 
fication should be to convert the sewage into a non-putrescible product 
and to prevent perceptible changes in the condition of the stream. This 
standpoint is now generally accepted. Recently, J. D. Watson has 
expressed similar views, which met with the approval of the experts 
present. He said the only feasible standard was, that all sewage effluents 
must be non-putrescent, and must continue to improve when they reached 
the stream itself. 

Standards of Purity. — After having become acquainted with the ideas 
upon which chemical examinations are based, we have to face the question 
as to which of these methods shall be adopted in practice. Some of the 
English Rivers Ik>ards employ definite standards. The Rivers Pollution 
CJommission, api)ointed in 1«68, formulated the following standards, stating 
that any licjuid should be deemed polluting and inadmissible into any 
stream if it contains : — 

1. In suspension, more than 3 parts of dry mineral matter, or 1 part 

of dry organic matter in 100,000 parts of the liquid. 

2. In solution, more than 2 parts of organic carbon, or 0.3 part of 

organic nitrogen in 100,000 parts. 

3. In solution, in 100,000 parts, more than 2 parts of any metal except 

calcium, magnesium, potassium, and sodium. 

4. Either in suspension or solution, more than 0*05 part of arsenic. 

5. After acidification with sulphuric acid, more than 1 part of free 

chlorine in 100,000 parts; and 

6. More than 1 part of sulphuretted hydrogen or a soluble sulphide, 

in 100,000 parts. 

Standards were also formulated for the colour and the degree of 
acidity or alkalinity. 

The Rivers Ik)ards of Lancashire and Yorkshire require that the oxygen 
absorbed by an effluent reaching a stream shall not exceed 1*43 parts 
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per 100,000 (1 lErmin per galloTi), BJid that the albuminoid ammonia 
lib all not exceed 0'14 part per 100^000 (O-l graiu per gallon)* 

From what wiia said at the beginn nig of this ohapter it will be Been 
that such requtrenientB can onlj huve h local significance, und that the 
operations at the sewage works may 1>o eon trolled without the aid of 
comphcated cheniicfd reactions. Us nail j one of the forms of the oxygen 
absorbed test will l>e snihcient 

Tn (remianj the question as to infection due to sewage ha» been studied 
for some decade a, and it cJin truly be said that the amal^mation of this 
question with that of sewage puriiication caused temporarily an almost 
complete sta^ation of the question of sewage purification. In England 
the question of infection is only commencing to be considered, Di^by 
and Shenton recently recommended the sterilisation of sewage effluents 
before their admission to streams. They consider this practicable by 
means of chlorine generated elect rolytically from common salt. They 
estimate the cost of the process at one-iifth of a penny per thousand 
gallons. These views were brought forward in an animated discussion at a 
meeting of the Royal Sanitary Institute held at Stafforrl, in which some of 
the most enrincnt English experts took part. The standpoint generally held 
was that river water in inhabited districts is not suitable for drinking pur- 
poses. According to modem ideas, the purpose of such rivers is to receive 
and conduct away the sewage after its putrescible character has l^een 
removed, and it should never be necessary to convert sewage into drinking 
water* Those who do drink water from rivers which have received sewage 
must hear the responsibility for any evil consequences. Towns which are 
so improvident as to draw their water supplies from such rivers must either 
bear the Cünsequenccs or go to the requisite expense for steril isation» It 
would even then be less expensive to sterilise only the water required for 
couaumption. For the whole voUune of sewage and the river water could 
hardly be rendererl sterile or above suspicion from a sanitary point of 
view, on account of the storm- w^ater overflows. In the reply it wai 
mentioned that London and its suburhsj with a population of m% millions, 
stilt draws its water supply from a river which is polluted with sewage. 
Even if London decide*! to provide pure water from Wales or elsewhere, 
years would elapse before arrangements could be made for such a cotirse. 
It was stated to l>e unfair to disturb the peace of mind of the population 
of such a gigantic city with the information that it ft^as drinking water 
polluted with sewage ; or to force all those who discharged sewage into the 
Thames, or into a tributary from which alao the London supply is drawn, 
to sterilise their «ewage. I cannot share these views, but must side with 
those who declare that the tow^n which will or must obtain its supply fnim 
such a suspicious source must be prepared to adopt the necessary pre- 
oautions and not rely upon measures taken by others, A discussion of 
the question a» to whether sand filtration is sufficient for this purpose does 
Out belong to this chapter. For further information reference must be 
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made to the subjects of infection and disinfection dealt with in 
Chapter IX. 

From the above it will be recognised that the questions which arise in 
dealing with the subject of inspection and supervision of sewage purifica- 
tion works have so far not received a generally satisfactory solution. What 
has been said may serve as an outline, in order to give the reader an idea 
of the numerous recommendations which have been made and of the 
views which are held in various (luarters. 



CHAPTER XT. 

THE UTILITY AND COST OF THE VARIOUS METHODS OF 
SEWAGE TREATMENT. 

Conditions of Comparability. — On visiting sewage purification works one 
is always informed by the manager that the works fulfil their function 
excellently, and that the result is very satisfactory. This lies in the 
nature of things, and may be always expected. The deputations sent 
from various towns very often do not consider what is expected of the 
works they visit nor what they actually do perfonn. This is also to 
some extent natural, and can hardly be expected to change. If the 
members of such a deputation are told that the working costs of certain 
works only amount to about 1 \d, per head of population per annum, and 
when they see what beautiful automatic machines can be set in motion 
for this small expenditure, they are impressed, and believe that the 
technical details of some other works are not of the best, if they are told 
that the working expenses amount to sixpence or a shilling per head per 
annum. 

It will scarcely be credited, and yet it often happens, that for the IJd. 
per head per annum only a very small proportion of the suspended matter 
is removed from the sewage, the remainder of the filth remaining in the 
sewage, and that at the apparently inexpensive works each cubic yard of 
solids removed fi-om the sewage costs ten or even twenty shillings. At 
the other works, however, where the operations are much simpler and not 
nearly so impressive, perhaps a large proportion of the total filth in tlie 
sewage is removed at a cost of one or two shillings per cubic yard, 
although the cost per head may be five or ten times as great as at the first 
works. 

It is a peculiar fact that experts are often seriously requested by 
municipal authorities, when passing opinions upon biological purification 
works, to include certain apparatus in their report, of which it is well 
known that these are only capable of removing part of the suspended 
matter and perhaps also a little grease. The hopes which are raised as 
to the sale of this grease by means of prospectuses suffice in certain 

cases to awaken a certain amount of preference for the apparatus, and 
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the printed testimonials are believed, however improbable they may 
appear. 

Comparative Cost. — Such experience leads me to say a few words 
about the possibilities and costs of the various methods of sewage purifica- 
tion. The eaisiest way of doiog this would be to collect the experience of 
various towns, give the degree of purification there obtained, and the 
cost in each case. Such comparisons would, however, only be of value 
for those thoroughly acquainted with the local conditions of each of the 
works. It has already been mentioned that the system of sewerage, the 
methods of living, the water consumption of the various towns, the 
influence of trade refuse, the possibility of purifying the sewage near the 
town without pumping, local influences on the cost of materials from 
^hich the works can be constructed — a point which is specially important 
in the case of biological puriflcation — and many other points, must be con- 
sidered, any one of which is sufficient to show the futility of making 
general comparisons. Hence, at this point I wish to lay stress upon the 
facts, and partly repeat the conclusions at which we have arrived in con- 
sidering the various methods of sewage purification, in order that they 
may be before the reader in a general and collected form. 

Cost of Sludge Removal.— We will first consider those methods by 
which nothing more can be obtained than the removal of suspended matter 
from the sewage. The amount of suspended matter in town sewage varies, 
as we have seen, generally from about 30 to 60 parts per 100,000. In 
this estimate the coarser solids which are generally removed before filtra- 
tion through filter paper are not included. Their quantity is, however, so 
small as not to appreciably alter the average figures. The reasons for 
such a considerable variation have already been given. Each 1000 gallons, 
then, of town sewage contains from 3 to 6 lbs. of suspended matter. In 
England it is generally considered that if these matters are almost com- 
pletely removed, by some such method as chemical precipitation, the 
sewage has been deprived of half of the solids which are of hygienic 
importance. 

Investigations carried out with detritus tanks have shown that it is 
possible to retain about one-twelfth of the total amount of suspended solids by 
their use. The solids retained in detritus tanks arc usually easy to handle. 
As a rule, they are composed mainly of mineral detritus or similar heavy 
matter, which contains only little moisture, at most about 35 per cent., 
and which can therefore be shovelled into carts and carted away. The 
total volume of such material is generally not more than 1*3 cubic yards 
daily from a population of 100,000. 

The amount of the solids removable from sewage by means of gratings, 
screens, etc., varies very considerably, as is only to be expected from the 
variations in the forms of apparatus described in Chapter VII. If we 
leave out of consideration screens which are intended primarily to protect 
the sewage pumps, and which have therefore very wide openings, and if 
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we only consider those fonuB of construction whlcb are intended to re- 
duce the amount of the suspended solids, it may be stated tliat a pound of 
material is removed for eyery 22 to 45 persona, according to the size of 
the apertures of the screeus, i.e. 1*3 to 2 '6 cubic yards per day from the 
sewage of a town having a population of 100,000* At a certain large 
town, however, where the screening arrangements and detrittis tanks are 
technically as near perfection aa possihle, 1 am informed that the screens 
and detritus tauks remove about 7^8 cubic yards of solids per day per 
100,000 population, i.e. over twice as much as is usually removed by 
means of apimratus which is generally regarded as satisfactory. 

The cartage and dis|X)aal of the solids retained by screens does not 
cause any diiticulty. The mass is usually fairly solid, containing abont 
70 per cent, of moisture ; and although it only possesses a distant re- 
semblance to stable manure, thia rosemblance is sufficient to awaken the 
interest of farmers. They are almost alwayi willing to pay something for 
the solids removed from sewage by means of screens. The income from 
this source cannot, however, be cousideräblei since the amount of solids 
thus removed is ouly small. In London tb© amount of screening» removed 
from the sewage amovmts to about IS cubic yaitls daily, and these are 
burnt in a furnace. 

The work performed by detritus tanks, screens, etc., has chiefly an 
gesthetio object. From a hygienic standpoint it cmi be of little importance 
to remove such a very small proportion of the total filth from sewage be- 
fore diacharging it into a river. There is, however, the possibility that 
pathogenic g^^rms might be contained within tlie coarser suspended soljds» 
and thus be protected until they travel down stream for some considerable 
distance, or become attached to the river banks in 1>a thing establishments, 
or in some other manner are given an opportunity to sprejid inlection. 
Even if this wore not theoretically possible, it would still l>e reasonable to 
require every town sewered on the w^ater-carriage system to adopt measures 
to prevent the discharge of the coarser suspended solids in the sewage into 
the stream. The tot^il <io^t of stich measuren in large and medlom-si^ed 
towns should not exceed aljout one to three pence per head of population 
p^r annum, and it is to be hoped that this cost will be still further reduced 
as technical progress is made. It would not be justifiable ti> draw a com- 
parison between what has been said as to the achievements and cost of 
the above methods and w^hat follows with regard to other methods of 
treatment. 

When sedimentation is adopted, the sludge obtained is not »olid, but is 
of a thick liquid nature. It may indeed be pumped, but is very difficult 
to deal with further, This sludge usually contains only 5 to 10 per cent, 
of solid matter and 90 to 95 per cent, of water. The water can be 
removed from such sludge only with dilhculty, and all attempt« to drain it 
dry have failed. If allowed to stand in open tanks with porous bottoms 
it is of Lull months before tlie sludge is solid enough to be raised witJi a 
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shovel, and each shower of rain restores its original liquid clmraeter. In 
Wimbledon, for example, after treatment in this manner for six months, 
the dudge was still a thick liquid mass containing 77''"» per cent, of water, 
anrl remaining very offensive in character. If these large amounts of 
Bludge are placed in sludge lagoons, as la usually the caae In England, 
they form an unbeamble nuisajice to the whole neighbourhood. In 
smaller towua it is sometimes possible to give the liquid sludge a more 
solid character by mixing it with house refuse and utilising it for compost, 
the heaps of which are not quite so had, yet smell very strongly; There* 
used to exist sewage purification works In which every available inch of 
ground not occupied with settling tanks had been gradually con%*erted 
into sludge lagoons, so that the fresli sludge produced daily could not bo 
disposed of. It was therefore reganlod as a veritable salvation when it 
was difwjoveredj about thirty years ago» that the sludge coidd be converted 
into a solid mass in a few 
hours by means of filter 
presses (tig* 144). There 
are chamber pressses and 
frame presses, the latter 
being generally pre- 
ferred. The principle 
upon which they are 
workefi has been alretarly 
described. The thick 
liquid sludge, contain- 
ing 90 to 95 per cent, 
of water, obtainerl by 
the use of chemical 
precipitant a, can be re- 
duced to al>out a tifth of ita volume in about threenquarters of an hour* 
The sludge cake thus obtained usually contains about 50 per cent, of water« 
Tlie sludge from set! i mentation tanks cannot generally be pressed without 
tlio axldition of 3 to 5 per cenL of lime. The cost of this added lime, 
together with the operation of the machinery, works out at about two 
shillings Iter cubic yard of sludge cake obtainetl, or for the pressing of five 
cubic yards of wet aludge. 

The recognition of the fact that the sludge can only be presse<l with 
the aid of chemicals has largely contributed to the extended application of 
chemical precipitation niethods in England. According to calculations of 
Santo Crimp, the total cost of sewage treatment, including sludge pressing, 
is largely inüuenced by the amount and nature of the precipitants 
employed* An example of this is furnished by Wimbledon, where 
precipitation with limn and an iron salt yieklefl eight tons of sludge cake 
per million gallons of sewage, at a cost of 2s, 6dp per ton for pressingj or 
£i per millioti gallons« By increasing tlie amount of lime used for 




Fig, 145.— Sludge Pr*sa. 



26o 



PBINCTPLES OF SEWAGE TREATMENT. 



precipitation^ the cost of pressing was reduced to Is, Hhd. per ton of sludge 
cake obtained, hut the ftmonnt obtained was twelve tons instead of eight 
per in lib on gtillons. The cost of pressing therefore remained the SÄine as 
before, more hatl been expeucled on chemicals, and besides this, three tona 
of imßaleable sludge were product instead of two. By careful consideiu- 
tlon of all such factors where the sludge had to be pressed, the practice 
has been adopted in England of adding the chemicals to the sewage l)efofe 
settlement, aud the amount of precipitant is so chosen as to yield a 
minimum amount of siludj/e cake. 

It was 1>elicved that chenuc*vl precipitation effected the removal, on the 
average, of about 50 per cent, of all the deconjjx^sable matters present in 
sewage It waa soon seen, however, that this waa not suflident to 
preserve the condition of small water-courses which received large vohimes 
of treated sewage» and hence chemiCÄl precipitation oame to be regarded 
merely as a palliative* 

In Loudon the sewage of a population of about four and a half millions 
amounts to 200,000,000 gallons daily^ yielding 5500 tons of slndge per 
day, or yearly about 2,000,000 tons, containing on tlie average 91 per cent, 
of water. The chemicals used arc 6 or 7 parts of lime and 1 '4 parts of 
ferrous sulphate per 100,000 parts of «ewage. The volume of sludge 
produced araountö to 0'66 per cent, of the volume of sewage ; it is pumped 
into tank steamers and carried out to sea. At Manchester 2-5 pirt« of 
bme and about 2*0 parte of ferrous stdphate were used per 1 00,000 parts 
of sewage, the sludge profluccfi being 0*35 per cent, of the volume of 
sewage. At Manchester, also, the sludge produced by chemical precipita- 
tion was carried out to sea, tH8,000 tons per annum, at a cost of £5500, 
but the use of chemieoila lias uow^ l}een abandoned. At Glasgow, where 
precipitation with lime and an aluniinium salt has been adopted^ the sludge 
produced amounts to approximately 0*9 per cent, of the vol time of Ute 
sewage. ^ ^ ^ 

At Leipsic, clarification by means of iron salts produces 0*4 per IsenU i 
at Pankow, linae and an aluminium salt yield 0-8 to 0-9 per cent. ; and by 
the lignite method of treatment the sbidge produced is over 2"5 per cent* 
of the volume of aewage treated. '^*^** 

The amount of sludge produced hy chemical precipitation is consider- 
ably greater than by settlement alone, A comparison of the published 
figures would lead to the eoneluMion that chemical precipitation produces 
about three times as much sludge as sedimentation, but the figures as 
they stand are not strictly comparable. For example, the very 
thorough precipitation process which is pmctiserl at Lfei|}sic yields 
comparatively little sludge, but all feocal matter is not discharged into 
the sewers. The Leipsic figures for precipitation are therefore not 
comparable as they statul with those ol>tained for sedimenLation at 
Cologne, Casael, and Hanover. Tlieoretically the larger amount of sludge 
produced by chemical precipitation is partly eiplained by the fact tbat 
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chemical precipitation effects a more thorough removal of the suspended 
matters. From the published results of towns where analyses have 
been regularly performed, this removal amounts to 75 to 85 per cent, 
of the suspended matters, as against 60 to 70 per cent, effected by 
sedimentation. This difference is not sufhcient to explain the differences 
which are observed. The chemicals themselves increase the amount of 
sludge; a pound of lime, for instance, yielding not a pound but ten 
pounds of sludge, since the lime as sludge contains 90 per cent, of 
water. The sludge obtained from sedimentation contains, as a rule, 
the same amount of moisture as that produced by precipitation. Only 
when the velocity of flow through the tanks is increased, as at Cologne, 
for experimental purposes, does the sludge contain less water, for then 
the finer suspended solids, which attract more moisture, are washed 
forward into the stream. The finer the particles of sludge the more 
water does the sludge hold. The 5 to 10 per cent, extra solids which 
are separated by chemical precipitation may therefore cause a very 
considerable increase in the amount of sludge. In all these calcula- 
tions it must always be remembered that sludge with 90 per cent, oi 
water occupies twice the volume of sludge with 80 per cent, of water; 
and that a ton of sludge with 80 per cent, of water, two tons with 
90 per cent., and four tons with 95 per cent., all contain the same amount, 
about forty pounds, of solid matter. These figures serve to show how 
important it is to obtain a sludge containing as little water as possible, 
by suitable selection of chemicals and the observation of various pre- 
cautions in the operations of the works. The obtaining of a sludge 
containing only a few per cent, less water may mean a very considerable 
reduction in working expenses. 

If the cost of a method of purification were to be calculated on the 
cost necessary to remove a ton of sludge from the sewage, chemical 
precipitation would appear as the cheapest; for by this process the 
removal of a ton of sludge costs from a shilling to eighteenpence. By 
means of sedimentation the cost is from four to six shillings, and, by 
means of screens, ten to twenty shillings. Such figures are, however, 
very deceptive; for chemical precipitation yields two to three times 
as much sludge as sedimentation, without the hygienic value of the 
result being two to three times as great. If the cost per million 
gallons of sewage treated is calculated, the results are also deceptive ; 
for, according to the water consumption of the town, the same 
volume of sewage may be represented by two or three persons in one 
town and by ten or more in another. Birmingham, for example, 
with a population of 820,000, produces 25,000,000 gallons of sewage 
daily, ue, less than that produced by Manchester, with a population of 
about 600,000. 

If we calculate the amounts of sludge which it is possible to remove 
from sewage by the above methods, we find that detritus tanks yield 18 to 
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23 pounds per head per anüum» sedinientatiou uboiit 220 pounds, and 
chemical prcoipiuitiou about üüÜ pounds. TlieBO figures are, of course, 
only rough estimates. 

What baa boen said almvc regaifling the various methods of remov- 
ing solid niatt^ir from sewage has been said on the tiasumption that after 
such treatmeut the sewage waa to be discharged direct to the stream. 
Quite m often, tf not often er, it h a question of preparing the sewage 
for biological treatment, Le^ so treating it that it will not sludge up 
the biologica] work^ bo they irrigation areaa, intermittent land filtens, 
or artilicial biological filters. In such cafies, also, it in desirable to 
remove a^ much sujäpended matter m possible from the sewage« But 
gpeciat importance ftttaches in such caaes to the removal of the finer 
flocculcnt solidä; for the fine fibrous materials which contain lar^ge 
amountd of water ary spc^ciallj liable to stop up the pores of biological 
filters. Beatdei these, greaHC and oil are the chief dangers to which 
biological works are subject. 

If the biological filters are of verj fine materialj m in the cases of 
irrigation and intermittent land filtration, it can be a^sumed that the fine 
suspended matter will not penetrate very far into the filter, so that it can 
afterwards be removed from the surface. In small works such a procedure 
can be recommended almost witbout exception ; at any rate^ in preference 
to the use of apparatus which requires continual supervision, as is tlie 
case with screening appamtus and settling tanks from which the sludge 
must be removed every few days. With larger irrigation farms and land 
filters, w hich are usually situated at some distance from dwelling houges, 
and hence require the constaut attendance of someonei the opposite oourBe 
IB to be rccommendedi i.tf. tbe previous remo%*al of the suspended matters 
as far as possible from the sewage. Tbe experience gained ut Birmingham 
strongly supports this view. At Leeds, as we have seen, the conclusion was 
reached that artificial biological filters should be constructed of very coarse 
material and receive the sewage containing all the suspended matter, with 
the exception of that removed by screens* The stable portion of these solids 
is then to be washed through the filters and removed afterwards as a 
non-putrescible sludge. Such measures are, of course, only possible if the 
apparatus for the distribution of the sewage is selected accordingly, Tbe 
sewage must not be fed through fine holes, such as those in rotating 
sprinklerBi or in some forms of fixed spray jets. Even at Leeds it was 
afterwards decided to remove tbe suspended solids by chemical precipitatioii 
before conducting the sewage on to biological filters. This is a question 
which can only be decided in each individual case* I have always adopted 
tbe vievv that, with all biological works, the suspended matter should first 
be remove*! as far as possible from the sewage, and I am of the opinion 
that liiological filters should always he preceded by sedimentation or septic 
tctnkg. 1 doubt whether the present fashion of subjecting sewage to a 
ohemical precipitation preliminary to biological treatment will last Only 
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in a few instances, such as at Leeds, witii its peculiar trade refuse, at 
Salford, and at Bolton, will such a course be advisable. It can only be 
advisable under very exceptional circumstances for towns which are chiefly 
residential. In any case, the influence of the chemicals upon the processes 
of absorption and biological decomposition must not be lost sight of. I do 
not share the general idea that lime is beneficial to these processes, because 
it favours the formation of nitric acid ; in my opinion there is always the 
possibility, in the absence of lime, for the nitric acid to combine with 
ammonia. 

According to published data, the cost of sedimentation amounts to three- 
pence, or sixpence per head per annum ; at Cassel, for example, the cost is 
fivepence to sixpence, at Allenstein threepence, and at Frankfort-on-the-Maine 
fivepence, or, including interest, sevenpence. With chemical precipitation 
the cost is estimated at ninepence or tenpence per head per annum ; at 
Lcipsic, for example, it is ninepence halfpenny, at Frankfort tenpeilce 
(including interest and sinking fund), and at London eightpence half- 
penny. 

Septic treatment is cheaper than sedimentation. Moreover, as we have 
seen, it possesses the advantage that it produces a less volume of sludge 
which can be more easily drained. Such sludge has finished putrefying, 
and does not therefore cause a nuisance to the neighbourhood. It can 
also be used for filling in waste ground and for similar purposes. From 
sedimentation and chemical precipitation, on the other hand, the sludge 
obtained is watery, and its disposal is the cause of difficulty and expense, 
on account of its putrescible character and the large amount of water 
which it contains. Numerous experiments have been undertaken with 
the object of converting this sludge into a solid transportable mass. At 
Frankfort this problem has again been recently attacked in a thorough 
manner. By means of a centrifugal machine they have succeeded in 
obtaining in a few minutes a solid mass containing about 70 per cent, of 
moisture. Just as in pressing so in centrifuging, the addition of lime 
(1 per cent.) proved to be advantageous. It is intended to mould the 
centrifugalised sludge into briquettes by means of brick presses, to allow 
the briquettes to dry in the air like bricks, and then either to grind them 
up for manure or to bum them for heating purposes and the production 
of gas. 

The question of the treatment and disposal or utilisation of the 
residues at town sewage works remains still under discussion. Each of 
the many processes recommended raises hopes of financial gain. The 
Frankfort experiments have demonstrated that quick drying of the sludge 
and its conversion into an unobjectionable product is only possible as yet 
by means of a very complicated and expensive process. 

Wherever it is possible to obtain a sufficient area of suitable land in 
the neighbourhood of the sewage works, the cheapest method of disposal 
will be to conduct the sludge into furrows and cover it with soil. Such 
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po««ibl6 ki purify Hmnga nincK more cheaply by nicflns of artificial biolo^iett) 
prücceses than by chemical pr^cipitütiüii. This hope has not bien realiä^d» 
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and to anyone having some acquaintance with the prohlem of sewage 
treatment it must have appeared from the first unrealisable. From the 
experience which has been gained, however^ it may be assumed that 
biological treatment can be carried out at a cost of ninepence to tenpence 
per head per annum. The following figures, taken partly from the 
literature on the subject and partly from municipal reports, serve as a 
general guide on this point : Manchester, 8*0 pence ; Hendon, 4*4 pence ; 
S win ton, 15*5 pence ; Accrington, 9*0 pence ; Unna, 6*5 pence ; Mülheim 
(Ruhr), 5*0 pence ; Merseburg, 4 '5 pence ; Langensalza, 8*0 pence ; Brockau, 
12-5 pence, etc. Artificial biological treatment is therefore, generally 
speaking, not more expensive than chemical precipitation ; neither is it 
much cheaper. 

In view of the fact that in the case of artificial biological treatment an 
actual purification of the sewage is achieved, whereas under the most 
favourable circumstances chemical precipitation only prodtices clarification, 
the biological method must be considered as by far the superior of the 
two. It may now be regarded as a definite fact, that this process has put 
us in possession of a method which is universally applicable, and which 
yields a product satisfying all sanitary requirements, except those relating 
to disinfection, even under the most unfavourable conditions of the stream 
into which the effluent is discharged. The results of the artificial bio- 
logical method are not only satisfactory with regard to the protection of 
our rivers, but also with regard to the sludge disposal problem, which 
receives a much more favourable solution than with either chemical 
precipitation or sedimentation. This has been shown sufficiently in the 
preceding chapters. 

The qualitative results of artificial biological treatment may be classed 
along with those of land filtration and irrigation; in this connection, 
however, one scheme is not applicable to all cases, and the results can 
be varied within wide limits. By proper attention to the processes 
involved in this method of treatment, results can be obtained which 
are quite equal to those of good irrigation farms. Irrigation is still 
regarded as superior with regard to the removal of infectious germs, 
but this view must be accepted cuvi grano aal is. The best irrigation 
farms do not afford a guarantee in this direction ; and by the adop- 
tion of certain measures for disinfection in connection with the bio- 
logical method, any deficiency in this direction can be done away with, 
and the process thus rendered equal to irrigation, indeed better, quite 
apart from the fact of its universal applicability, a point which cannot 
be made in favour of irrigation. What has been said of irrigation also 
applies to land filtration. 

Attempts to utilise the matters contained in sewage, experience 
has taught are generally expensive, and do not yield financial gain. 
This applies equally to irrigation farms and to grease recovery 
plants, etc. 
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I am convinced that it would be cheaper for many towns to abandon 
irrigation and replace it by artificial biological processes. It appears 
fairly certain that this will be the course of affairs as soon as the growth 
of the towns exceeds a certain limit. I do not doubt, for example, that 
many of us will live to see the day when Berlin will sell its irrigation farms 
for building purposes and construct artificial biological works in their 
place. 
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